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IMPORTANT NOTICE REGARDING
CONTENTS OF THIS. REPORT
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The only undertaldngs of the General Blectric Company (GE) respecting information in this
dooument Ere contained in the contract between TVA end GE, Contract Order No. P-92NNP-
82058D-001, effective 14 May 2001, and nothing contained in this document shall be construed
28 changing the contract. The use of this information by anyone other than TVA, ot for any
purpose other than that for which it is intended, 38 not authorized; and, with raspect to any
unauthorized use, GE makes no representation or werranty, express or irnplied, and assumes no
liebility 28 to the completeness, accuracy, or uscfulness of the information contained in this
docureat, or that its usz may not infringe privately ownad rights.
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EXECUTIVE SUMMARY

This report summarizes the results of all significant safefy cvaluatione performed that justify
uprating the lcensed thermal power at Browns Ferry Units 2 and 3 (hereafter, Browns Ferry
unleds explicitly noted). The requested license power level is an increase to 3952 MWt from tha
current licensed reactor thermal power of 3458 MW1.

This report follows the NRC spproved generic farmat and content for BWR EPU loensing
reports, documented in NEDC-32424P-A, “Generdc Guidelines For General Electric Boiling
Water Reactor Bxtended Power Uprate,” (Referencel) commenly called “ELTR1,” Per BLTRI,
every safety issuo that should be addressed in u plant-specific EPU licensing report is addressed
in this report. Ror issues that have been evehuated genericelly, this report usually only refesences
the (NRC sapproved) generic eveluations in either RLTRI or NEDC-32523P-A, “Generic
Evaluations of Genersl Electric Boiling Water Reactor Extended Power Uprete,” (Reference 2)
which is commonly called “ELTR2.” )

It is not the intent of this report to address all the details of the analyses and evaluations reported
tierein. For example, only previously NRC-approved or industry-aooepted methods were used
for the analyses of eccidents and trensients, as documented in ELTRI. Therefore, the safety
anelysis methods have been previously addressed, end thus, ere not addressed in this report.
Also, event and analysis descriptions that are already provided in other licensing reports or the
UFRSAR are not repeated within this report. This seport summarizes the results of the significant
operations] and sefety evaluations needed to justify & licensing emendment to ellow for EPU
operation. :

Upreting the power level of nuclear pawer plants can bs done safely within plant-specific limits
and is & cost-effective way to increase installed electrical generating capacity, Many light water
reactors have already been uprated wotidwide.

An increase in electrical output of 8 BWR plant is accomplished primarily by generation and
supply of higher sfeam flow for the turbine generator, Browns Ferry, as originally licensed, has
en Bs-designed equipment and system capsbility to accommodate steam flow rates at Jeast 3%
sbove the current rating, Also, Browns Ferry hag sufficient design marging to allaw the units to -
be gefely uprated up to 120% of its OLTP,

A higher steam flow 18 achieved by increasing the reactor power slong slightly modified rod and
core flow control lines. A limited number of operating paramatars Bre changed, some ssipoints
are adjusted and instruments are recalibrated, Plant procedures are revised, and tests similar to

some of the original startup tests aro performed. .
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Detailed evaluations of the reactor, engineered safety features, power conversion, emergency
power, support systems, savironmental issues, design basis accidents, and previous licensing
evalvations were performad. This report demonstrates that Browns Ferry can safely operate at
the fequested license power level of 3552 MWt. However, non-safety power generation
modifications rmust be implemented in order to obtain the electrical power output associated with
100% of the EPU RTP level. Until thess modifications are completed, the non-safety balance of
plent may limit the electrical power output, which in-turn may limit the operating thermal power
level to less than the licensed EPU RTP level. These modificstions have boen evaluated and
they do not constitute a material alteration o the plant, as discussed in 10 CFR 50.92.

The eveluations and revisws were conducted in accordancs with the criteria in Appendix B of
BLTRI. The results of the following evaluations and reviews, presented in this report, weee
found to be aoceptable:

. All safety sspects that mre mifected by the increase in thermal power and operating
pressure were evaluated;

. Bvaluations were performed using NRC-approved or industry-accepted analysis methods;

. No change, requiring compliance with 8 more recent industry code and’or standard, is
being requested;

. The UFSAR will be updatad for the EPU related changes, afier EPU is implamented, per
the requirements in 10 CFR 30.71(¢);

. Modifications will be implemented under 10 CFR 50.59;

. Systems sud components affected by EPU were reviewed to ensure there is no significant
challengs to any safefy system;

. Cormpliance with curtent plant environmental regulations wers reviewed;

) Potsatially effected commitments to the NRC have been reviewed;

. Planned changes not yet implemented bave elso been reviewed for the effects of EPU;
. All BPU.related Technical Specification changes are identified and justified; and

The Browns Ferry licensing requirements have been reviewed, and it is concluded that this EPU
can be accommodated (1) without a significant increase in the probabilify or consequences of an
accident previously evaluated, (2) without creating the possibility of & new or different kind of
accident from eny eccident previously evaluated, and (3) without excesding eny existing
tegulatory limits applicable to the plant, which might cause g significant reduction in & margin of
safety.

xl
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1. INTRODUCTION

1.1 REPORT APPROACH

Uprnting the power level of nuclear power plants can be dons safely within cerfain plant-specific
limits. Most GE BWR plents have the capebility end marging for an uprating of 5 to 20% without
major NSSS hardware modifications. Meny light water resctors have slready been uprated
worldwide. Over & thousand MWe have alreedy been dded by uprate in the United States. Several
BWR plants ere among those that have elready been uprated. The following evelustion supports en
EPU to 3952 MW?, which corresponds to 120% of the OLTP. The OLTP lovel is 3203 MW!.

This report follows the NRC approved generio format end content for EPU liceasing reports, as
described in Section 3.0 and Appendices A & B of ELTR1, and the NRC steff position letter

, reprinted in ELTRI. The analytical mathodologiss uged for BCCS-LOCA evaluations,

containment evaluations, transient evaluafions, and piping evaluations are documented in
ELTRI, Section 1 and Appendices D, B, G, and K. The limitations on nge of thess methods 8s
defined in the NRC staff position letter reprinted in ELTR1 were followed for this EPU analysis.

Meny of the corponent, system and performance evaluations contained within this repori have
been generically evaluated in BLTR2, and found to be acceptable. The BLTR2 generic
evaluations are based on (1) & 20% thermal power increase, (2) an increased operating dome
pressure to 1095 psia, (3) & reactor coolant temperature increase to $56°F, and (4) steam and FW
icreases of about 24%. The plant conditions essumed in the ELTR2 evalvations bound the
conditions for this EPU. .

A glossary of terms ie provided in Table I-1.
12 PURPOSE AND APPROACH

An increase in electrical output of & BWR is accomplished primarily by generstion and supply of
higher steam flow to the turbine gensrator, Most BWRSs, &s originally licensed, have an as.
desipned equipment and system capabllity to accommodate steem flow rates st least 5% sbove
the original reting. In addition, continuing improvements in the enalytical techniques (computer
codes) based on seversl decades of BWR safety technology, plant performance feedback,
operating experience, and improved fuel and core designs have resulted in 2 significant increase
in the design and operating mergin between the calculated safety snalyses results and the curcent
plant licensing limite. The available marging in calculatod results, combined with the as-
designed excess equipment, sysicro, snd component capabilities (1) have allowed many BWRs
to increase their thermal power ratings by 5% without any NSSS hardware modification, and (2)
provide for power increases up to 20% with some non-safety hardwere modifications. These
power jncreases involve no significant iocrease in the hazards presented by the plants Bs
approved by the NRC at the original licenss stage.

The method far achieving higher power is o ugs the MELILA power/flaw map, and increase core
flow along the MELLLA flow control lines. However, there is no increase in the maxinmm
allowable recirculation flow value,

1-1
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1.2.1 Uprate Analysis Basiy

Units 2 and 3 are currently licensed at 3458 MW¢, and most of the current safety analyses are
based on this value. The BPU RTP level inoluded in this evaluation is 120% of the OLTP. Plant
spacific EPU parameters are listed in Tuble 1-2. The EPU safety analyses are based on & power
level of 1.02 times the EPU power level unless the Regulatory Guide 1.49 two parcent power
factor is already accounted for in the analyeis methods consistent with the methodology
described in Reference 3.

122 Computer Cades

NRC-approved or industry-acoepted conmputer codes and calculational techniques are used to
demaonstrate compliance with the applicable regulatory acceptance criterie. The application of these
oodes to the BPU analyses complies with the limiations, restrictions, and conditions specified in the
gpproving NRC SER where applicable for each code. Any exceptions to the use of the code or
conditions of the epplicable SER are noted in Teble 1-3.

123 Approach

The planned approach to echieving the BPU RTP level consists oft (1) an increase in the core
thermal power with 8 more uniform {flattened) power distribution to create increesed gteam flow,
(2) r comresponding increase in the FW system flow, (3) no increase in maxinmm elloweble core
flow, end (4) reactor operation primarily slong an extension of the MELLLA rod/flow comtrol] lines,
This approsch is based on, and i3 consistent with, the NRC-approved BWR generic BFU guidelines
that aro presented in ELTR1, The plaat-unique evafuations ere based on s review of plant design
end opereting dats, as applicable, to oonfirm excess design cepabilities, and, if necessary, identify
Eny items which may require modificetions associated with the EPU. For some items, bounding
gualyses and evaluations in ELTR2 dernanstrate plant operability and safety. The generic analyses
and evaluations in ELTR2 are based on a 20% of original Jicensed power increass. For the
Browns Ferry EPU, the conchisions of system/compornent acceptability stated in ELTR2 are
bounding., The scope and depth of the evakation results provided herein are established based on
the generic BWR EPU guidelines and unique features of the plant. The results of the following
evaluations, presented in thia report, were found to be acceptable:

(8) Reactor Core and Fuel Performance: Specific analyses requited fur BEPU have been
performed for & representative fuel cycle with the reactor core oparating at EPU canditions.
Specific core and fuel performance is evaluated for each operating cycle, and will continue
to be evaluated and documented for the operating cycles that implement EPU.

(b) RCS and Connected Systems; Evaluations of the NSSS components and systerns have
been performed at BPU conditions, These evaluations confirm the acceptability of the
effects of the higher power and the associated change in process variables (i.c., increased
pressure, teperature, and steam end FW flows). Sefety-rolated equipmment pecformance is
the primary focus in this report, but key aspects of reector operational capeabilify are also
included.
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Engineered Safety Feature Systems: The effects of EPU power operation ou the
Containment, ECCS, Standby Gas Treatment system and other ESFg have been evaluated
for key events. The evaluations include the containment responses during limiting AGOs,
speciel events, BCCS-LOCA, and MSRYV contsinment dynamic loads.

Confrol and Instrumentation: The control and instrumentation signel ranges and
analyticat limits for setpoints have been evaluated to establish the effects of the changes in
various process parameters such as power, pressute, neutron fiux, steam flow and FW flow.
An required, setpoint evaluations have been performed to determine the need for any TS
aliowable velue changes for various functions (e.g., main sterm line high flaw isolation

sefpoints). .

Electrleal Power and Auxillary Systems: Evaluetions have been performed to egtablish
the operationsl capability of the plant electrical power and distribution systems and
auxiliary systems to ensure that they are capable of supporting safa plant operation at the
EPU RTP power leval.

Pawer Conversion Systems: Evaluations have been performed to establieh the
operational capability of various non-safety BOP systems and components fo ensurs that
they are capable of delivering the increased power output, end/or the modifications
necessary to obtain full EPU power.

Redwarste Systems and Radiation Sonrces: The liquid and gaseous waste management
systems kave been evaluated at Jimiting conditions for BPU to show that applicable releese
limifs continue to be met during operation at higher power. The radiological consequences
heve been evaluated for EPU to show that applicable repulations have bean met for the EPU
power conditions. This evaluation includes the effect of higher powar level en source
textns, on-site doses end off-site doses, during normal operstion.

Reactor Safety Performance Evaluations: The limiting UFSAR enalyses for design basis
svents are performed es part of the EPU evalustion. ELTRI identifies the limiting analyses
that require reanelysis for BPU, The EPU resulis in no new limiting event beyond those
identified in ELTRI, AU lirniting accidents and fransicnts aré mualyzed based upon
limiting conditions for the EPU rod show contimued compliance with regulatory
requirements.

Additlons] Aspects of EPU: HELB and EQ ovaluations are performed at bounding
conditions for the EPU to show the continued operability of plant equipment under ths EPU
conditions. The effects of the EPU on the plant IPE ere analyzed to demonstrate that there are
no new vulnerabilities 1o severe accideats,

Licensing Evaluations: Tho applicable plant licensing commitments, IE Bulleting, Circalars,
Notices, etc, are evaluated for the effects of the EPU. ([
J] Items unique to the plant are shown o be acceptabls for RPU operation.
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13 VUPRATED PLANT OPERATING CONDITIONS

The following evaluations justify increasing the licensed thermal power to 120% of the OLTP
value, This new RTP valus provides an incrense of stzam flow fo approximetely 123% of the
oziginal value, and 2 corresponding increase in electrical power cufput. To accomplish this
pecformance increase, the mied thermal power in increased o 3952 MWt  The following
descriptions provide information on the original and the EPU plant opetating conditiona.

13.1 Reactor Heat Belance

The cperating pressuce, the total core flow, and the coolant thermodynamic state chasacterize the
thermal hrydraulic performance of & BWR reactor oore.  The EPU valuer of these parzmeters aro
used to establish the steady state operating conditions and as Initi] and boundary conditions for the
required safety analyses. The BPU values for these parameters are determined by performing heat
(energy) balance calculations for the reactor system at EPU conditions, )

The reactor heat balance relates the thermal-hydraulic parameters to the plant stearn and FW flow
conditions for the selected core thermel power level and operating pressute, Operational parametzrs
from aotual plant operation are considered {e.g,, steam line pressure drop) when determining the
- expectsd EPU conditlons. The thermal-hydraulic parameters define the conditions for evaluating the
operation of the plant at EPU conditions, The thermal-hydraulic pararneters obteined for the EPU
cenditions alvo dofine the steady state opemsting conditions for equipment evalvations. Heat
balances at appropriately selected conditions define the initial and boundary canditions for plant
safety enalyses, : .

Figure 1-1 shows the EPU heat balance at 1009 of EPU and 100% rated core flow. Fipure 12
showe the EPU heat balancs gt 102% of EPU and 100% cors flow.

Table 1-2 provides & summary of ths reactar thermal-hydraulic paramsters for the current rated
and EPU .conditions. At EPU conditions, ths maximum nominal oparating reactor vessel doms
pressure is maintained at the current valus, which minimizes the nead for plant and licensing
changes. With the increesed steam flow and associated non-afety BOP modifications, the
current dome pressure provides sufficient operating turbine inlet pressure to assure good pressurs
control characteristics.

13.2 Reactor Performence Improvement Features

The UFSAR, core fuel reload evaluations, and the Technical Specifications currently inchude
allowances for plent operation with the performance improvement featuras and the equipment O0S
listed in Teble 1-2. When limiting, the input paramsters related to the parformance improvemsnt
features or the equipmernt OOS heve been included in the safety analyses for BPU. The use of these
performance improvement features and allowing for equipment OOS js continued during EPU
operationl. The evaluations that are dependent upon cycle length are performed for EPU assuming o
24-month cycle.

1.4
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1.4 SUMMARY AND CONCLUSIONS

This avaluation encompasses en EPU to 120% of OLTP. The strategy for echieving higher
power is to extend the MELLLA power/flow map region along the upper boundary exteasioa.

The Browns Perry licensing requirements have been reviewed 1o deronstrate that fhis uprate can be
accommodated withont a significant increase in the probability or consequences of an accident
proviously evaluated, without creating the possibility of & new or different kind of accident from any
ccident previously evaluated, and without exceeding any existing regulatory limits or design
allowable limits applicable 1o the plant which might causs a reduction in 2 margin of safety.

1.5 REFERENCES

1. GE Nuclear Enezgy, “Generic Guidelines for General Electric Boiling Water Reactor EPU,”
(ELTRI), Licensing Topical Reports NEDC-32424P-A, Class III (Proprietery), Rebruary
1999; and NEDO-32424, Class I (Non-propriefary), April 1995,

GEB Nuclear Bnergy, “Generic Bvalustions of Geaeral Blectrdc Boiling Water Reactor EPU,”
(BLTR2), Licensing Topical Reports NBDC-32523P.A, Class I (Proprietary), February
2000; NEDC-32523P-A, Supplement 1 Volume I, February 1999; and Supplement 1 Volume
11, April 1993,

3. GEBNuclear Energy, "General Electric Standard Application for Reactor Fuel, GESTAR-IL”
NEDE-24011-P-A-14, April 2000.
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AC
ADS
ADHR

ALARA
ANS
ANSI
AQO

AQP
AOV
APLHGR
APRM

ASMB
AST
ATWS
AV

BHP
BIIT
BOP
BPWS
BTU
BWR
BWROG
BWRVIP
CAD
CBDT
CDF
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Table 1-1

Glossary of Terms

Definitlon

Alterneting current

Automatic Depressurization System
Auxiliery Decay Heat Removel
Analytical Limit

As Low gs Reasonably Achieveble
American Nuclear Society

American National Standarde Institute

Anticipated operational occumrences (raoderate frequency transient
events)

Abnormal Operating Procedure

Ajr Operated Valve

Average Planar Linear Heat Generation Rate
Average Power Range Monitor
Alternats Rod Insection
APRM/RBM/Technical Specifications
American Socisty of Meohanioz! Engineers
Alternate Source Term

Anticipated Transient Without Scram
Allowable Value

Brake hotss power

Boron injection initigtion temperature
Balance-of-plant

Banked Position Withdrawal Sequencs
British Therraal Unit

Boiling Water Reactor

BWR Owners Group

BWR Vessel and Internals Project
Confainment Atmosphere Dilution
Cause-based decision iree

Care damage frequency

Condensats filter deminesalizer

Code of Federal Regulations




CRDA
CREVS
CRHZ
CsC

CS§
CST
CUF
DBA
DC
DHR
DLO
EBCCS
EECW

EHC
ELTR
ELTR1
ELTR2
EQC
EOP
EPRI

'EPU
ESF

-RAC

v
FLIM
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Definition

Current Licensed Thermal Power
Condensation oscillation

Cote Operating Limits Repost

Critical Power Ratio

Control Rod Drive

Control Rod Drop Accident

Contro) Room Emergency Ventilation System
Control Room Hebitability Zone
Containment Spray Cooling

Core Spray

Core support structure

Condensate Storage Tank

Cummlative usage factor

Design basis accident

Direct current

Decay heat removal

Dual (recisculation) loop operation
Emergency Core Cooling System

Emergency Equipment Cooling Water
Effective full power years )
Electro-hydraulic control

Extended (Power Uprate) Licensing Topical Report
Generic Guidelines for General Electric Boiling Water Reactor EPU
Genetie Bvaluations of General Blectric Boiling Water Reactor EPU
End of cyele

Ermergency Operating Procedure

Electric Power Reszarch Institute

Extended Power Uprete

Engineered Safety Feature

Eavironmental quelification

Flow Accelerated Corrosion

Pinal Feedwater Temperature Reduction

Fuel Handling Accident

Flow induced vibration

Pailure likelibood index mathodology
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Term
FPCC
FW

FWHOOS

GC
GDC
GE
GENE
GL
HCR
HELB
HEP
HEPA
Hg,
HPCI
HPT
HRA
HVAC
HWC
HWWV
HX
IASCC
ICF

ICS

B

IEB
IEER
1GSCC
ILBA

IORV
IPE

ISP
LCO
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Definition
Fuel Pool Cooling and Cleennp
Feedwater

" Feedwater heater out of service

Generic Commmunioation
Genera] Design Criferia
Generet Electric Compeny
General Elestric Nuclear Bnergy
Generic Letter

- Human cognitive reliability
High Bnergy Line Break
Human error probability
High Efficiency Pacticulate Air
Tuches of mercury ebsolute
High Pressure Coolant Injection
High-pressure turbine
Human Religbility Assessreent
Heating Ventilating and Air Conditioning
Hydrogen Water Chemistry
Hardened Wetwell Vent
Heat exchanger
Irradiation-assisted stress corrosion cracking
Increased Core Flow
Iataprated computar system
Inspection and Enforcement
Inspection and Enforcement Bulletin
Instituts of Elsctricel and Elsctronics Engineers
Intergranular sirees corrosion cracking
Instnument Line Break Accident
Inedvertent Opening of 3 Relisf Valve
Individual Plant Evelustion
Intermediate Range Monitor
Integrated surveillence program
Limiting Conditions for Opetaticn
Leek Detection System
Large early releass frequency
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Jermg
LHGR

LOCA
LOFW
LOOP
LPCI
LPRM
LP&P
LTTIP
MAAP
MAPLHGR
MBTU
MCPR
MELB
MELLLA
MeV

Mlb
MOV

MS
MSIV
MSIVC
MSIV-LCS
MSL
MBSLB
MSLBA
MSRV
MSRVDL
MSVV
MVA
Myar
MWe
MWt

NA

NDE
NPSH
NRC
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Definition

Linear Heat Generation Rate
Loss-Of-Coolant Accident
Loss-of-feadwater

Loss of Offsits Power

Low Pressurs Coolant Ipjection

Local Power Range Monitor

Low Pawer Setpoint

Long Term Torus Integrity Program
Modular Accident Analysis Program
Meximum Average Planar Linear Heaf Generation Rate
Millions of BTUs

Minimum Critical Power Ratio
Moderate Bnergy Line Break
Maximum Extanded Load Line Limit Analysis
Million Electron Volts

Millions of pounds

Motor operated valve

Maijn steam

Maia Steam Isolation Valve

Main Steam Isolation Valvs Closure
Maein Steam Isolation Yalve Leakage Control System
Main steam line

Mein Stsamline Broak

Main Steamline Break Accident

Main steam relief valve

Mein steam relief valve discharge [ine
Main steam valve vault

Mega Volt Amps

Megavar

Megawatts-slactric
Megawatt-tharmal

Not Applicable

Non-destructive examination

Net positive suction head

Nuclear Ragulatory Commission
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NSS8
NTSP
NUREG
OLMCPR
OLTP
00§
OPRM
ORAM

PCS
PCT
PRA
PRFO
PRNMS
PSA
PSF

psi

poie
psid
psig
pP-T
RBCCW

RCIC
RCPB
RCS
RCW

RHRSW
RIPD
RPS
RPT
RPV
RRS
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Definition

Nuclear stsam supply system
Nominel Trip Setpoint

Nuclear Regulations

Opemting Limit Minimum Critical Power Retio
Origlnal Licensed Thermal Power
Ouf-of-service

Oscillation Power Range Monifor
Culage Risk Assessment Management
Differential pressure - psi

25% of BPU Rated Thermal Power
Pressure Contro] Systern

Peak cladding {emperature
Probabilistic Risk Assessmsnt
Pressure Regulstor Failure-Open
Power Rangs Neutron Monitoring System
Probabilistic Safety Analysis
Performence-shaping factor

Pounds per square inch

Pounds per square inch - ahaolute
Pounds per square inch - differential
Pounds per square inch - gauge -
Pressure-temperature

Reastor Building Closed Cooling Water
Rod Block Monitor

Reactor Core Isolation Cooling
Reector Coolant Pressurs Boundary
Reactor Coolant System

Rew Cooling Water

Residual Heat Remaoval

Roriduzl Heat Removal Sarvies Water
Reactar internal pressure difference(s)
Reactor Protection System
Reoirculation Pump Trip

Reactor Pressure Vessel

Reactor Reciroulation Syxﬁen-l

1-10




NEDOQ-33047 - Revidon 0

Term Deflnition’

RSLB Recirculation system line break

RTP Raled Thermal Power

RTyor Reference temperature of nil-ductility transition
RWCU Reactor Water Cleanup

RWE Rod Withdrawa! Error

RWM Rod Worth Minimizer

Bue - EPU elternating stress intensity

Sm Codz allowable strass Jimit

SAR Seafety Analysis Report

SBO Station blackout

SpC Shutdown Cooling

SER Sefety Bvaluation Report

SFP Spent fuel pool

SGTS Standby Gas Treatment Systzm

SJAB Steam Jet Air Ejector

SHB Shroud head boks

SIL Servico Information Leffer

SLCS Standby Liquid Control Systern

SLMCPR Safety Limit Mininum Critical Power Ratio
SLO Single-locp operation

Sov Solenoid Operated Valve

SP Setpoint

SPC Suppression Poo! Coaling

SPDS Safety Parameter Display System

SR Surveillance Requirement

SRM Source Range Monitor

SRP Standard Review Plan

SRSS Square Root of the Sum of the Squares
SRV Safety relief velve

8§C Structure, system, component

SSDS Safe Shutdown System ,
SSp Supplemental sutveillance capsule progrem
TAF Top of active fuel

B Turbine bypass

TIG Turbins Generator

- 111




UFSAR
UHS
- USE
VED
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Definition

Turbine Bypass Valve

Turbine first stage pressure
Turbine Control Valve
Turbine/generator
Thermoluminesceat dosimeter
Technical Requirements Menual
Technical Specification(s)
Turbine Stop Valve

Tennessse Valley Authority
Time evailable

Updated Final Safety Analysis Report
Ultimate heat gink

Upper shelf energy

Variable Frequeacy Drive

T 112
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Tahble 1.2
Brownu Ferry Current and EPU Plant Operating Conditions
Current*
Licensed EPU
Parameter Value Value
Thermal Power (MW1) 3458 3952
Vegge] Steam Flow (MIVRD** 14.153 16440
Full Power Core Flow Range
Mib/hr . 330t 1076 - 101510 107.6
% Rated 81 to 105 9910 105
Maximum Nominal Dome Pressure (paia) 1050 No Chenge
Meximum Nominal Dome Teropereture (°F)  550.5 * No Change
Presgure af upstream side of
TSV (psia) 985 962
Full Power FW
Flow (Mlb/hr) 14.103 16.350
Temperature (°F) 381.7 © 3945
Care Inlet Enthalpy (Btu/lb) *** 524.7 5232

% Based on ourrent reastor heat balance.
#¢  Atnormal FW heating.
¥4 At 100% core flow condition.

Currantly licensad performance improvemeant features and/or equipment OOS that are included in
EPU gvaluations:

¢4 ARTS-MELLLA with PRNMS
@) EOC Coustdown (GESTAR Genetlc Anelysis)

&)} SLO
(6))] FFWTR
(%) FWHOOS

- (6} Ons MSRV 0OS

™ 3% MSRY Sstpoint tolerance

@ IIcr
) EOCRPTOOS
(10) TBOQOS

(11}  24-mouth fuel cyclo
(12)  Reastor Level 3 Reduction

1-13
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Table 1-3

Computer Codes Used For EPU Analyses

ek Compatsr | Vedonor | C | commen
Resctor Heat Balance | ISCOR 09 Y(1) | NEDE-24011P Rev.0 SER
Reactor Cora and Fuel | TGBLA 04 Y NEDRE-30130-P-A
Performance PANACEA 10 Y NEDE-30130.P.A
ISCOR 09 Y(1) | NEDE-24011P Rev.0 SER
RPV Fluence DORTGOLY 0] N 2)
TGBLA 05 Y 3)
RPV Intsrnals SAP4GOTV o NA | NEDO-10909 (4)
Structural Integrity
Evahuetion
Reactor Intsmal ISCOR 05 Y(1) | NEDE-24011F Rev. 0 SER
Progsure Differencss | 1 AMB 07 (5) | NEDB-20565-P-A
Transient Analysis | PANACEA 10 Y NEDE-30130-P-A {5)
ISCOR 09 Y(1) ] NEDE-24011F Rev. 0 SER
ODYN 10 Y NEDO-241534-A
SAFER 04 O} NEDC-32424P-A,
NEDC-32523P-A, (3), (9),
(10)
TASC 03A Y NEDC-32084P-A, Rev. 2
ATWS ODYN 10 Y NEDB-24154P-A Supp. 1,
Vol. 4
STEMP 04 {n
PANACEA 10 Y NEDE-~30130-P-A
ISCOR 09 Y(1) | NEDE-24011F Rev.0 SER
TASC 03A Y NEDC-32084P (12)
Contaftnment Systerm | SHEX 05 Y Q3)
Response M3CPT . 08 Y NEDO-10320, Apeil 1971
LAMB 08 (5) NEDE-20566-F-A
September 1986
Appandbt R Fire GESTR 08 ™M NEDE-23785-1-PA,Rev. 1
Protection SAFER 04 (1) (8) (9) {10)
SHEX 04 Y (13)
RRS BILRO 04V NA | (4) NEDE-21504, Fehruacy
1977 [RLHS)

1.14
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Camputer Vertton or NRC :
Task Code* Revidon | Approved Coraments
ECCS-LOCA LAMB 08 Y NEDBE-20566-P-A
GESTR 08 Y NEDB-23785-1-PA,
Rev. 1, (8), (), NEDC-
23785p-A, Vol TI, Supp |,
SAFER o4 Yy o |Revl
NEDE-23785-1-PA,
Rev. 1,(8), (8), (10),
NEDC-23785P-A, Vol I,
ISCOR 0% Y | SupLRev.l
TASC 03A y | NEDE-24011PRev.0SER
NEDC-32084P-A, Rev. 2
Fission Product ORIGEN2 2.1 N Isotope Generation snd
Inventery Depletion Code
MS Piping Avalysis TPIPB 16 Y Structural Analysis Program
ME I50 17 (19 Structural Analysis Prograra
HYTRAN 1.6 (14 Hydraulic Transiert
Analyxia
RELAPS 32 Y Used for hydraulic
modeling of twophase
flow,
HELB-OPC Massand | RELAPS MOD 22 Y HELB-OPC mass flow rate
Bnergy Releases end enthalpy data,
HELB-OPC GOTHIC 6.1a Y HELB-OPC temperaturs, -
Subconapartment pregsure and telative
Analysis humidity profiles for
reactor brilding areas.
Individuz! Plant RISKMAN Windows NA RISKMAN is used es the
Evaluation 5.02 Code far many IPB
submittals to NRC
MAAP 404, NA “MAAP is used for the
Rey 3 thermal-hydraulic analysis
for many IPB submittals to
NRC'
1-15
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Computer Version or NRC
Task Code* Revison | Approved Commenty
BOP Performancs PEPSE 64A (15) Used to develop the turbine
cycle haat balance,

Multl-flow 110 (15) Usod for hydraulic
modeling of the condensate
and FW gyntems.

RELAPS MOD32 Y Ussd for hydraulic
modsling of the heater
drain system (two phase
flow).

Condenger Bvaluation | PEPSB 63A (1%) Used to develop the hubine
tycle heat balance,

Raw Water Cooling | Multi-flow 110 {15) Used for hydraulle

Bvaluetion modeling of the mw waler
cooling system,

Beactor Recirculation | HYTRAN 16 %) Uaed to develop force time

Vibration Monitering kistory files Jor pressuce
pulsation occuering during
steady state operation of the
reactor recirculation pumps
end piping.

TPIPB 16 Y Usad to evaluate steady
state vibration of the
recirculation and attached

.| piping.
Condensaie Pump, TPIPB 16 Y Used fo evaluate piping
Condensate Booster ‘stresgos and {5 determine
Prmp, end FW Pump support loads for
raodifications, and modifications made to the
Steam Packing condeusate piping
Exhauater Bypass ulti-fl 1.10 : i
Vealve modifications, M ow 4 gi?elfgfghgfmdcxgndmme
and FW gystems .
FW Heater SAP 2000 (15) Used to evaluate stresses in
Eveluations the pase partition platas
inside the FW heatecs
Turbine Building WTRCOIL 1.1 (15) Usad to evaluats the
HVAC Bvaluation pecformance of the cooling
codls for increased
temperatures dus to EPU
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Ths application of thess codes to the EPUJ analyses complics wnh tho limitations, restrictiotw, and
sonditions specified in the rpproving NRC SER where applicable for each code. The application of
the codes also compliss with the SERs for the BPU progrems.

Ths ISCOR code is not approved by name. However, the SER supporting approvel of
NEDB-24011P Rev. 0 by the May 12, 1978 lstter from D. G. Eisenhut (NRC) to R. Gridley
(GB) finds the models and methods accepiable, and mentions the use of a digital computer
code. The referenced digital computer code is ISCOR. The use of ISCOR to provids core
thermal-bydrauli¢ information in reactor internal pragsure differences, tramsient, ATWS,
Stability, and LOCA eppliocations is consistent with the epproved models and methods.

CCC-543, “TORT-DORT Two. and Three-Dimensionat Discrete Ordinates Trensport
Version 2.8.14,” Radiation Shielding Information Center (RSIC), January 1994,

Letter, S.A. Richards (USNRC) to G. A. Watford (GE), “Amendment 26 to GE Licensing
Topical Report NEDE-24011-P-A, GESTAR II - Ingplementing Improved GE Steady-Stats
Methods (TAC No. MAG481),” November 10, 1999,

Not & safety analysis code that requires NRC approval. The code application is reviewed
and spproved by GENE for “Level-2” epplication end is part of GENB'a standard design
process. Also, the application of this code has been used in previous power uprete
submittals.

The LAMB cods is approved for use in ECCS-LOCA applications (NEDE-20566P-A and
NEDO-20566A), but no approving SER exists for the use of LAMB 1n the evaluation of
reactor internal pressure differences or containment system response. The use of LAMB
for these applications is consistent with the model description of NEDE-20566P-A.

The physics code PANACEA provides ioputs to the transient code ODYN. The
improvements fo PANACEA that were documented in NEDE-30130.P-A wers
incorporated into ODYN by way of Amendment 11 of GESTAR Il (NEDE.24011-P-A).
The use of PANAC Version [0 In this application wes initiated following epproval of
Amendment 13 of GESTAR II by letter from G.C. Lainas {NRC) fo J.S. Charnley (GE),
MPN 028-086, Subject: "Acceptance for Referencing of Licensing Topical Report NEDE-
24011-P-A Amendment 13, Rev. ¢ General Electric Stendard Application for Reactor
Fusl,” March 26, 1998,

The ECCS-L.LOCA codes are not explicitly approved for transient or Appendix R usage.
The gtaff concluded that SAFER is qualified as & code for best o5timate modeling of loss-
of-coolant accidents and loss of inventory events via the approval letter and evaluation for
NEDB-23785P, Revislon 1, Volume H. (Letter, C.0. Thomas (NRC) to J.R. Quirk (GE),
“Review of NEDE-23785-1 (P), “GESTR-LOCA and SAFER Models for the Evaluation of
the Losg-of-Coolant Accident, Volurnes I and IT”, August 26, 1983.) In addition, ths use of
SAFER In the analyzis of long term Loss-of-Feedwater events is specified in the approved
LTRs for power uprate: “Generic Guidelines for General Electric Boiling Weter Reactor
Extended Power Uprate,” NEDC-32424P-A, Febmyary 1999 end "Generic Evaluations of
General Blectric Boiling Water Reactor Bxtended Power Uprate,” NEDC-32523P-A,
Rebrusry 2000, The Appeudix R events are similar to the loss of FW and small break
LOCA events,
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Letfer, JR. Klapproth (GE) fo USNRC, Tranmmittal of GB Praprietary Repaort NEDC-
32950P “Compilation of Improvements to GENE's SAFER ECCS-LOCA Evaluation
Model,” dated January 2000 by letter dated January 27, 2000,

Letter, S.A, Richarde (NRC) to I.F. Klapproth, “General Electric Nuclear Bnergy (GENE)
Topical Reports GENB (NEDC)-32950P and GENE (NEDC})-32084P Acceptability
Review,” May 24, 2000,

“SAFER Mode] for Evaluation of Loss-of-Coolant Accidents for Jet Purap and Non-Jet
Pump Plants,” NEDE-30996P-A, General Electrl¢ Company, October 1987,

The STEMP code uses fundamente! mass and energy conservation laws to czleulats the
suppression pool heatup, The use of STEMP wes noted in NEDE«24222, “Agscssment of
BWR Mitigation of ATWS, Volume I & II (NUREG-0460 Altemate No. 3) December 1,
1979." The code has been used in ATWS applications since that time, There is no formal
NRC review and approvel of STEMP or the ATWS topleal report.

The NRC approved the TASC-03A code by letter from S. A. Richards, NRC, to J. F,
Klapproth, GB Nuclear BEnergy, Subject: “Review of NEDC-32084P, TASC-03A, A
Computer Code for Trensient Analysis of e Single Fuel Channel,” TAC NO, MB0564,
March 13, 2002. The acceptance version has not yet been published.

The epplication of the methodology in the SHEX code to the containment response is
approved by NRC in the letter to G. L. Sozzi (GE) from A. Thadani (NRC), “Use of the
SHEX Computer Program and ANSI/ANS 5.1.1979 Decay Heat Bource Term for
Contaiument Long-Term Pressure and Temperaturo Analysis,” July 13, 1993,

Code provides input to TPIPB. TPIPE has beon used by TYA to support submitials to
NRC.

Code used 1o determine nonsafety releted paremeters and information.
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2. REACTOR CORE AND FUEL PERFORMANCE

2.1 FUEL DESIGN AND OPERATION

EPU increases the average power density proportionsl to the power increase. Browns Ferry ig
~ currently licenged with en svernge bundle power of 4.53 MW/bundls. The aversge bundle
power for BPU is 5,17 MW/bundle, The BPU averags bundle power is within the rangs of ather
operating BWRs. . .

The average power density has some effects on operating flexibility, reactivity characteristics
end energy requirements. The additionel energy requirements for BPU are met by an increase in
bundle enrictument, an increass in the reload fuel batch size, and/or changes in fuel loading
pettern fo meintain the desired plant operating eycle length, The power distribution in the core is
changed to achieve increased core power, whils limiting the MCPR, LHGR, and MAPLHGR in
oy individual fuel bundle to be within its slloweb!e velue ag defired in the COLR.

At the OLTP or the EPU RTP conditions, gll fuel and cors design limits continue to he met by
plamed deployment of fuel enrichment and bumable poison. This is supplemented by core:
meansgement control rod pattern and/or core flow edjustments. [[

J] However, revised loading patterns, larger batch sizes
and potentizlly new fuel designs may be used o provids additional operating flexibility and
meintain fuel cycle Jength.

The BPU evaluations assums a refarenco equilibsium cors of GB14 fuel, No new fus] product lins
designs are mtroduced for EPU, and EPU does not require a change to any fuel design limit. The
fuel design limits are established for all new fuel product line designs as B part of the fuel
introduction and reload analyses, [[

1l

‘The rezctor core design power distribution usually represents the most limiting thermal opereting
state at degipn condifions. It includes allownnoes for the combined effects on the fuel heat flux and
temperature of the gross and local pawer density distributions, control rod patiern, 2ad reastar power
level edjustments during plant operation. NRC spproved core desipn methads were used 1o analyza
cors parformanse at the EPU RTP lovel, Detailed fuel cycle celoulations of a representative oore
design for this plant demonstrate the feasibillty of RPU RTP operation while meintaining fuel
design limits. Thermal-hydraulic design and opereting limits ensure an ecceptably low probability
of boiling transition-lnduced fusl cladding failire ocourring in the core, even for the most severs
postulated operationz] transients. As pesded, limits are algo placed on fusl APLHGR and/or fuel rod
LHGRSs in ordsr to meet both peak cladding temperature limits for the limiting LOCA and fuel
mechanical design beses.

The subsequent reload cors designs for operation at the EPU RTP level will take into account the
ebove limits, 1o ensure acceptable differences between the licensing limits and their corresponding
operating valuzs,

2.1
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EPU may result in e small change in fite] bumnup, the amount of fuel to be used, and isotopic
conoenfrations of the radiomuclides in the irvadiated fuel relative to the original level of burnup.
NRC-epproved limits for burnup on the fusl designs are nat exceeded. Also, due fo the higher
steady-state operating power essocisted with the BEPU, the short-terma curie content of the resctor
fuel increases. The effacts of higher power operation on radiation sources and design basis
accident dores are discussed in Sections 8 and 9.2, respectively. EPU hes some effects on
operating flexibility, reactivity characteristics, and energy requirements. These issues ace discussed
in the following sections based on GB experience and fuel characteristics,

24.1 Fuel Thermal Margin Monitoring Threshold

The power level above which fue! thermal margin monitoring is required chenges with BPU.

The original plant operating licenses set this monitoring threshold at a typical value of 25% of
RTP. [[

i
The fuel thermsal margin monitoring threshold is scaled down, if necessary, {[

]} Therefore, the Browns Ferry fuel thermal monitoring threshold is lowered to 23% |
I 1
A change in the fuel thermal monitoting threshold also requires a corresponding change ta the

TS reactor core eafety limit for reduced pressure or low core flow. The above discussion is
consistent with the TS related discussion in Section 9.1,

2.2 THERMAL LIMITS ASSESSMENT

Operating limits snsure that regulatory end’or safety limits ere not exceeded for a range of
postulated events (e.g., transieats, LOCA). This section addresses the sffects of EPU on thermal
limits. A reference equilibrium core of GE14 fuet is used for the BPU evaluation. Cycle-specific
core configurations, eveluated for each roload, confirm BPU capebility, and establish or confirm
cycle-specific limits, as is currently the prastice.

i
1

221 Safety Limit Minimum Critical Power Ratio

Ths SLMCPR can be affected slightly by EPU due to the flater power distribution inherent in
the increased power level, [[

2-2
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1] The SLMCPR enalysis reflects
the ectual plant cors loading pattern and is performed for each plent reloed core. [[

1]
222 Minimum Critical Power Ratio Operating Limit

The OLMCPR is determined on e cycle-gpecific basis from the yesults of the reload trensient
analysis, g8 dascribed in Sections 532 and 5.72.1 of ELTRI and Section 34 of BLTR2
(Reference 2). This epproach does not change for BPU, The requirsd OLMCPR is not expacted to
significantly change (< 0.03) as shown in Table 3-1 of ELTR1 end Figure 5-3 of ELTR2 and from
experience with other uprated BWRs, For the refersnce core of GEL4 fiis], the OLMCPR for EPU
RTP operation is shown in Table 9-2.

I J1 The OLMCPR
is caloulated by adding the change in MCFR due to the limiting ACO event to the SLMCPR, and
je dsterminad on B cycle spacific besis. BPU does not change the method used to determine this
Jimit. The effect of EPU on ACO events is addressed in Section9.1. [[

)

223 MAPLHGR aud Maximum LEGR Op¢ratiog Limits

The MAPLHGR end maximum LHGR limits are mainteined a3 described in Section 5.7.2.2 of
ELTRI. No significant change in operation is enticipated due to the EPU based on experience from
other BWR uprates, The BCCS performance is addressed in Section 4.3, and uses a reference
equilibrium cors of GE14 fuie] for EPU. [[

1

2.3 REACTIVITY CHARACTERISTICS

All minimum shutdown margin requirements apply to cold conditions, and are maintsined
without change.

Opemtion at higher power could reduce the hol excess reactivity during the cycle. This loss of
reactivity does not affect safery, and is not expected to significantly affect the ability to manage the
power distribution through the cycle to achieve the target power level. However, the lower hot
excess veactivity can result in achieving an earlier all-rods-out condition. Through fuel cycle
redesign, sufficient excess raactivity can be obtainad to match the desired cycle length, Increasing
hot reactivity mey result in less hof-to-cold reectivity differences, end therefore, smaller cold
shutdown margine. However, this potential Joss in margin can be accommodatad through core
design, and current design and TS cold shutdawn margin raquircments ars not affected. Ifneeded, a
bundle design with improved shutdown margin characteristics can bes used to preserve ths flexibility
between hot end cold reactivity requirernents for future cycles.

2.3
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23.1 Power/Flow Operating Map

The EPU enzlyses and evaluations consecvatively essums the current licensed MBELLLA and
ICF operating domains. The BPTJ power/flow operating map (Figure 2-1) includes the operating
dorpgin changes for EPU, snd elso shows the epplicable Browns Ferry porformance
improvement features (e.g, MELLLA and ICF) addressed in Section 1.3.2, The changes to the
power/flow operating map are [(

]I The meximum thermal
operating power and maximum cote flow shown on Figure 2-1 correspond to the EPU RTP and
the proviously analyzed core flow range when rescaled so that EPU RTP is equal to 100% rated.
The powerfflow operating map changes, inoorporated into Figure 2-1, are consistent with the
changes shown in Figute 5-1 of BLTRI.

The detsils of the seastor operating domain for EPU conditions are pravided in Figure 2-1. The
opereting domain for EPU is defined by the following boundaries:

¢ the MELLLA vpper [oad line, extended up ta the EPU RTP leve);
s the maximum EPU RTP corresponding to 120% of the OLTF; and
o the ICE line up to EPU RTP st 105% of rated core flow.

Consistent with ELTRI, these boundaties defing an increase in the extent of the operating
domein above the OLTP between the extended (relative to OLTP) MELLLA upper load line and
ICF line.

Thermal hydraulic instability exclusion regions are not showz on Figure 2-1,

Anzlyses and eveluations have been performed to demonstrate that Browns Ferry ma& increase
ocors flow to oparate within the region of the operating map bounded by the constant speed line
between 100P/105F and 52,5P/112.6F for EQC coasfdown at constant maximum pump speed
line, '

BEPU does not affect SLO because the maximum attainable thermal power duting SLO is less
than CLTP, and is limited by the availeble recirculetion flow. SLO is bounded by the MELLLA
domain in terms of absolute thermal power versus core flow, Therefors, 8 separate SLO
power/flow operating map is not needed for EPU.

24 STABILITY

Browns Ferry has installad a PRNMS with OPRMg to implement the BWROG Long-Tem
Stability Solution Option L. OptionIII ovalustions are core reload dependent and are
performed fot each reload fuel cycle,

Option Il is & detect-and-suppross sclution, which combines closely spaced LPRM detectors
into “cells” to effectively detect reactor instability. Browns Ferry, having implemsnted Option
UI has demonstrated thet the Option III trip setpoint is adequate fo provide SLMCER protection
for unticipated reactor instability. 'This evaluation is dependent npon the core and fuel design

24
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and is performed for each raloed. Thersfors, tho effect of EPU will be enalyzed for the first
reload which incorporates the new rated power level,

The OPRM is designad to provide ths Option JII sutomstic scram. [[

1

The Option I trip is armed only when plant operation is within the Optien JII trip-enabled
vegion. The Option I trip-enabled region is dofined as the region on the power/flow map with
power 230% OLTP and core flow <60% rated core flow. The actual flow sefpoint is determined
* by recirculation drive flow at Browns Fetry., For BPU, ths Option HI tfrip-enabled region is
rescaled to maintain the same absolute power/flow region boundaries, Because the rated core
flow is not changed, the 60% core flow boundary is not rescaled. The 30% OLTP boundary
changes by the following equation:

BPU Region Boundary = 30% OLTP * (100% + EPU (% OLTP))
Thus, for 2 120% of OLTP EPU:
EPU Region bourdery = 30% OLTP ¥ (100% + 120%) = 25% BPU
The OPRM setpolnt will be evaluated for the uprated reload core prior to BPU implementation.
2.5 REACTIVITY CONTROL
2.51 Control Rod Drive Systemn

The CRD system is used to control core reactivity by positioning neutron absorbing control rods
within the reactor and to scram the reactor by repidly inserting withdrewn control rods into the
ccre. No change is made to the control rods due to the EPU, The effect on the nucleer
characteristics of the fuel Is discussed tn Section 2.3.

For Browns Ferry, the scram times are decreased by the transient presstire response, [[

J] At nommal operating conditions, the
accumulator supplies the initial scram pressure and, as the scram coatinues, the reactor becomes the
primary source of pressute to complete the scram. [[

Jl
2,52 Control Rod Drive Posttioning and Cooling

[ 4
and the aufomatic operation of the mystem flow control valve maintaing the required drive weter

pressure and oooling water flow rats. Therefore, the CRD positicning and cooling functions are not
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effected. The CRD cooling and normel CRD positioning functions ere operational considerations,
not safoty-related functions, and are not affected by EPU operating conditions.

Plant operating data has confirmed that the CRD system flow control valve operating position
has sufficient operating margin,

2.53 Confrol Rod Drive Integrity Asscgsment

The postulsied abnormal opemting condition for the CRD design assumes a failure of the CRD
system pressure-regulating valve that applies the maximum pump discharge pressure to the CRD
mecbanism intemal components. This postulated ebnormel pressure bounds the ASME reactor
overpressure limit, [[

J] Other mechanical loadings arc addressed in Section 3.3.2 of this
report,

2.6 REFERENCES

1. GB Nuclear Energy, *Generic Guidelines for General Electric Boiling Water Reactor
Extended Power Uprate,” (ELTR1), Licensing Topical Reports NEDC-32424P-A, Class I
(Proprietary), February 1999; and NEDO-32424, Class I (Non-proprietary), April 1995.

2. GB Nuolear Energy, “Generioc Evaluations of Genperal Electric Boiling Water Reactor
Extended Power Uprate,” (ELTR2), Licensing Toplcal Reports NEDC-32523P-A, Clazs IN
(Proprietary), February 2000; NEDC-32523P-A, Supplerent 1 Volume I, February 1999;
and Supplement 1 Volums IT, April {999,

2-6




Uprated Thesmal Pomeri{%A)

NEDO-33(0M7 - Revision § .

Core Fisw [MiH/Ar) "
[ ® k] » 40 0 <« = 0w ” 0 1k 120 1
o e G A o L e T o e L S s e B —ty 4
1 - t . : N H . : H H H R |
b m“n VR Souiee . m: :: : 2 H : : [ 4300 :
I3 ur - P [P A Y . N I NI, SRV S v
Nt vres care - X293 pory ) H 4 i ¢ '; [ 1
F [ 399 owre Pl . 1938 X18e : : o P | b o .
100 I a0 olws? Rrewaibo F" e ae= MELLLA Upper Boathoy (=---foo-momfoeans g - pauw T 400 i
T |2 malna wip foens (DTG N b 5 K
w0 ] 5 soem sy 8500 R U AT SO SRS B H 1 N
T | wt 30c.me mgtw,o\. nov i wmpy 4 3000 ¢
F | re 33058 Sevecsas o0 Non ! waews 1
wilo s pancnmm e S P o~ !
Fler wooi owritmim ne ] 1 . x '.
T e . a0 New - 000 .-
F 1 s sovarsiiz.on teu ' : I = "
MEL I S840 RRI197.TE DSy S Suntehebey prormmndeseuon- ‘el 3 e B
Tl P rvatpa® nwr ) ' X :
T 11 Wan vy 7y e . 3 w00 !
“’i:' ¥4 Sevs rive Ic e i o Lt -7 et EEESE T E 3
P 3 . 1 o
h { M S .
% }:an--‘-JIu---c.lu -.—--ooui- o l - vemme -».--g- 2000 g .
I J %u 3 I é )
A Frnusisddnancane -s----.--,-...:-.-k----.n- ~nnwwy s e ws] N
]: use : :F:sm '
”a: j AW Xk T
Fortmamaidite —e > 5 e herer meem - 83 e
¥ i Al ! ,.,.—-""'."H—-"-T“- ; :E,m
; i :! . Mmooz Pow Conkad Line: H B
xiE“"“"g""""""“" B S = ¥ ity 3 = i T :
¥ ! Y : .\ H H x : I s
- O LT ~;,L--‘r-------§ Miwows Wouxrtioo --- - e — S SRS -1
¥ ‘ ! : . ; : ¥ _
of RIS U DURUE SURE NN 8 T
[ ] 10 % k. AL 30 -] ™ at L ) 1L ) 118 mn
Care Flyw (%) s
Figure 2-1 Brovwns Ferry Power/Flaw Operating Map
L ]

27 .




NEDO-33047 - Revision D

3. REACTOR COOLANT AND CONNEGTED SYSTEMS

3.1 NUCLEAR SYSTEM FRESSURE RELIEF

The nuclear pystsm pressure relisf sysiem prevents overpresmuization of the nuclear system
during AOOs, the plant ASMB Upset overpressure protection ovent, and postulated ATWS
sveats, The MSRVs along with other functions provide thie protection. An eveluation was
pecformad in order to confirm the adequacy of the pressure relief system for BPU conditions.
The edequacy of the pressure relief system is also demonstrated by the overpressure protection
evaluation performad for each reload cote and by the ATWS evaluation performed for BPU
{Section 9.3.1).

For Browns Ferry, oo MSRYV sefpoint increase is nceded bw'lusc there is no chagge in the dome
presswre or simmer margin. Therefore, there i3 no effect on valve functionality
(opaning/closing).

311 MSRYV Setpoint Tolerance

MSRV setpoint tolerance it independent of EPU, EPU evaluations are perfored using the
existing MSRYV setpoiat tolerance analytical limit of 3% as & basis. Actual historical in-service
surveillance of MSRV setpoint performance test results are monitored separately for compliance
to the TS requirements.

3.2 REACTOR OVERPRESSURE PROTECTION ANALYSIS

The design pressure of the resetor vessel temaing at 1250 psip. The acceptance limit for
pressuzization events is the ASME code zllowsble peek preamure of 1375 psig (110% of design
velug). The overpressure protection apalysis descripion and enalysis method ere provided in
Seotion 5.5.1.4 and Appendix E of ELTRI (Reference 1), Ap shown in Table E-1 of ELTR], the
limiting pressurization events are the MSIV closure end turbine trip with turbine bypass feilure.
Both events are (conservatively) analyzed assuming a feilure of the valve positlon scram. The
anslyses also assume that the events initiate at & reactor domns pressure of 1055 psig (which is higher
than ths nominal EPU dome pressure), the MSRYV roalytical limits in Table 5-1, and one MSRV
(with the lowest setpoinf) OOS. Starting from 102% of EPU RTP, the calculated pezk RPV
pressure, located at the bottom of the vesscl, is 1342 paip. The corresponding caleulated meximum
reactor dome pressure is 1314 psig. The peak calculated RPV pressure remains below the 1375 psig
ASME limit, end the maximum calculated dome pressure remains below the TS 1328 psig Safety
Limit. Therofore, there is no decrease in margin of safety. The results of the EPU overpressure
protection analysis ere given in Figures 3-1 and 3-2 and are consistent [[
1
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33 REACTOR VESSEL AND INTERNALS

The RPV structure end support components form n;pmuure boundary to contain the reactor
coolant and moderatar, and form & boundary against leakage of radioactive materials into tha
drywell. The RPY also provides structura] support for the reactor core and internals.

Comprehensive reviews have assesoed the effects of increased power conditions on the reactor

“veseel end its internals. These reviews and associated analyses show continued compliance with the

original design end licensing criteria for the reactor vessel and internals,

3.3.1 Reactor Vessel Fracture Toughness

The neutron fluence is both reanalyzed for EPU, based on cepsule flux wire dats, and recaloulated
using 2-dimensional neutron transport theary (Reference 3); the nsutron transport msthodalogy is
consistent with Regulatory Guide 1.190. The Regulatory Guide 1.190 fluxes are conservatively
applied for the entire 60-year plant lifa. The revised fluence is used to evaluzte the vessel against the
requirements of 10 CFR 50, Appendix G. The rosults of thess evaluations indicate that:

() The USE remaing bounded by the BWROG squivalent margin analysis, thersby
demonstrating compliance with Appendix G,

() Thebeltline materiel RTynr remains below 200°F.

(©)  The Technical Specification P-T curves have been revised in accordance with the 1998
Edition of the ASMB Boiler and Pressure Vessel Code including 2000 Addendz
(Reference 4). The hydrotest pressure for EPU is the minimumn nominal operating
pressure.,

(d The 40 yesr life (34 effective full power year (ERPY)) shifi is increased, snd
consequently, requires a change in the edjusted reference temperature, which is the initial
RTNDT plus the shift. This shift was used to revise the P-T curves for EPU (Reference
4). Thess values and the 60-year lifs (52 EFPY) shift are provided in Tables 3-1a and 3-
b, for Browns Ferry Unifs 2 and 3, respectively.

(¢) The surveillance program consists of three capsules for each unit. One capsule
containing Charpy specimens wes removed from the Browns Ferry Unit 2 vessel after 8.2
EFPY of operation (end of Fuel Cycle 7), testsd, reconstituted, and placad into the vessal
during the Unit 2 Cycle 8 Refueling Outage. The remaining two cepsules have been in
the reactor vessel since plant starfup. EPU hes no effect on the existing surveillence
schedule. The first Browns Perry Unit 3 capsule was removed from the vesse] during the
Fuel Cycle 8 outage, but was not tested. Browns Ferry is pact of the BWRVIP ISP / SSP
Program end compliss with the withdrawal schedule specified for representative or
surrogete surveillancs capsules that now represent each unit, Therefore, the 10 CER 50,
Appendix H surveillance capsule schedule for the ISP/SSP governs, Iraplementation of
EPU has no offect on the BWRVIP withdrawal schedule,

The maximum nominal operating doms pressure for EPU is unchanged from that for current
power operation. Therefore, the hydrostatic and leakage teat pressuree are eceeptable for the
EPU. Beceuse the vessel i in compliance with the regulatary requirements, opearation with EPU
does not have sn adverse offect on the reactor vessel fracture toughnass.
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3.3.2 Reactor Vessel Structural Evgluation

The effect of EPU was eveluated to enwure thet the reactor vessel components continue to
comply with the existing structural requirements of the ASMB Boiler end Pressure Vessel Code.
Ror the componeats under consideration, the 1965 code with sddenda to end including swnmer
1965 for Unit 2 and summer 1966 for Unit 3, are the codes of conatruction, end were used as the
goveming codes. However, if & component’s design has been modified, the governing code for
that component was the code used in the stress analysis of the modified component, New
~ stresses were determined by scaling the “original™ stresses based on ths EPU canditions of
temperature and flow. The enalyses were performed for the desige, the Normal and Upset, and
the Emerpency and Faulied conditions. Any increase in annulus pressurization, jet reaction, pipe
‘restraint, or fuel lift loads, was considered in the analyzis of the components affected for Normal,
Upset, Bmergency, and Favlted conditions.

3321 Design Conditions

Beoause there are no changes in the design conditions (vegsel pressure and temperature) dus fo
EP1J, the dssipn stresses ers unchanged and the Code requirements are met,

3.3.2.2 Normeland Upset Conditlons

Tha reactor coolant temperatire and flows (exoopt core flow) st BPU conditions are only slightly
changed from those at current rated conditions. A CLTP analysis for Browns Ferry was performed
in 1997, Only chanpes in temperatire and flow since that time, are considerad harsin, The only
other Joeds, which could effect the EPU RPY evaluation are mechanical loads such as geismic, fuel
1ift and Recirculation LOCA loads which do not change with EPU. Therefore, only chenges in
temperature and flow are considered. Evaluations were petformed at conditions that bound the
slight change in operating conditions, The type of evaluations is mainly reconciliation of the stresses
end usage factors to reflect EPU conditions. A primary plus secondary stress analysis was
performed showing EPU stresses still meet the requirements of the ASME Code, Section I,
Subsection NB. Lestly, the faligue usage was evaluated for the limiting location of components with
B usage factor greater than 0.5. The Browms Ferry filigee enslysis results for the limiting
components are provided in Tables 3-28 and 3-2b. The Browns Ferry enalysis results for EPU show
that all compenents meet their ASME Code requirernente.

Browns Ferry FW nozzles with the triple-sleeve, double-seal, thermnal slesve degign ere qualified by
UT inspection methods based on ASME Section X3 Code, which are approved by NRC,

FFWTR ig considered in the fatigue usage evalustion and included with the systern cycling effects
shown in Tables 3-2a and 3-2b. '

33.23 Emergency and Faulted Conditions

The stresses due to Emergency end Feulted conditions are based on loads such as peak dome
pressurs, which are uachanged. Therefore, Code requirements ara met for all REV components,
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3.33 Reactor Internal Pressure Differences (RIPDs)

The increase in core average power alons would result in highar core loads and RIPDs dus to the
higher core exit steam quality,

The RIPDs ere calculated for Normal (steady-state operstion), Upset, and Faulted conditions for all
major reactor internzl componeats. [(

1
Tebles 3-3 through 3-5 compare results for the various loading conditions between current analysis
results and oporation with BPU for the vesse! internals that are affected by the changed RIPDs.

334 Reactor Internals Structural Evaluation

The reactor internals consist of the CSS components and non-CSS components. The reactor
internals pre not certified to the ASME oode; except the control rod drive as noted, however, the
requirements of the code are used e guidelines in their desipn basie analysis. The evaluations
and stress recongiliation in gupport of the thermal power increass erc performed consistent with
the design basis snalysis of the components. The reactor internal components evaluated are:

Core Support Structure Components
» Shroud
Shroud Support
Core Plats
Top Guide
Control Rod Drive Housing
Control Rod Guide Tube
Orificed Fuel Support
Fuel Channel
- Non-Core Support Structure Components
Steam Dryer
FW Sparger
Jet Pumps
Core Spray Line and Sparger
Access Hole Cover 4
Shroud Head and Steam Separator Asssmbly
In.cors Housing snd Guide Tube
Vesee] Head Cooling Spray Nozzle
Jet Pump Instrument Penetration Seal
Differential Pressure and Standby Liquid Control Line
Contfrol Rod Drive
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The original configurations of the intenal components are considered in the EPU evaluation
unless & component has undergone permsnent structura]l modifications, in which case, the
modified confignration is used as the basis for the eveluation,

The effects on the loads a3 & result of the thermal-hydrmulic changes due fo BPU wre evaluated for
the reactor internals. All eppliceble loads and foad combinations are considerad consistent with the
existing design basis enalysis. These Joads inolude the RIPDs, seigmic loads, flow inducad and
ecoustic loads due to RSLB-LOCA, mnd themmal loads. The RIPDs increase for soms
components/leading conditions as & result of EPU, The flow conditions end thermal affects were
considered in the evaluetion, ss epplicable. The scismic response is unaffected by EPU. The
acowstic and flow induced loads in the annulus 25 8 result of the RELB LOCA are included in the
svaluation and are bounded by pre-EPU valuzs,

The EPU lcads are campared to those in the existing desipn basis analysis. If the loeds do not
inorease due to EPU, then the existing analysis results bound the EPU conditions, and no further
eveluation is required or performed, If the loads increase due to the EPU, then the effect of the load
increase is evaluated further. [(

1l

Teble 3-6 presents the govemning stresses for the various teactor internel components. All stresses
are within allowable Jimits end the reactor internel components are demncnstrated fo be strusturelly
adequate for EPU.

The following reactor vessal internals aps evatuated for the effacts of chanpes in Joads due ta EPU
8) Shroud: [[

]] Thereiore, the structural integrity of the Shroud is acceptable for
EPU,

b) Shroud Support: [[

1] Therefore, the structural
integrity of the Ehroud Support is acceptable for EPU.

3.5
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Core Plate: [[

]} Therefore, the core plate remains
structurally qualified for EPU,

Top Guide: [{

]J] Therefore, the structural integrity of the top guide is acceptable for EPU.
Contrel Rod Drive Housing: ([

1
Therefore, the structural intagrity of the CRD housing is aoceptable for EPU.

Control Rad Guide Tube: ([

)] Therefore, the structural integrity of
the control rod guide tube is acceptable for EPU,

Orificed Fuel Support; ([

1] Therefore, the struoturel integrity of the orificed fus! support is
acceptable for EPU.,

Fue! Channel: [[

1] Therefors, the structural integrity of the fusl channels Is acceptable
for EPU.

Steam Dryer: [[

1] In response fo the recent dryer faflures observed at another BWR site during
EPU opemtion, & detniled evealuation will be performed to examine dryer components
susceptible to failure at EPU oonditions. The results of the queatitative evalvation will be
usad to identify eny edditionsal modifications nssded to maintain steam dryer structural
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integrity at EPU conditions. If any steam dryer components requiring modification ave
identified, these modifications will be implemented pricr fo operation at the EPU
conditions, Refer to Section 3.3.5.

Feedwater Sparger: [[

]] Therefore, the structurs] integrity of the FW sparger is acceritable for EPU,
Jet Pamps: [

) 11 Therefore, the structural
integrity of the jet pump assembly is acceptable for EPU.

Jet Pump Riser Brace Repair (Unit 3): Because the load conditions pertaining to the jet
purop end the riser brace repair ramain unaffected by BPU, the existing repair design basis
remzins valid for EPU. Repair inspection, however, should continue using the
recommendations currently in place.

Care Sproy Lines and Spargers: [[

1}
Therefore, the structural integrity of the core spray line and the spargers is acceptable for
wUI

Core Spray Line T-box and Downcomer Modifications (Unit 3): Because the appliceble
loads for the core spray system ramain unaffectsd by EPU, the Core Spray Line T-box and
Downcomsr medifications remain qualified in the repaired condition. Repair inspections
should continue using the current recommendations, )

Access Hole Cover: [[

]] Therefore, the structural
integrity of the Access Holo Cover is acoeptable for EPU,
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Bhroud Head and Steam Separator Assembly (including Shraud Head Bolts): [[

1) Therefore, the
structural integrity of ths shroitd head and steam separator assembly 1s acceptable for BPU.

In-Core Housing and Guide Tube: [{

J] Therefors, the structural integrity of
the In-core Housing and Guids Tubae is acceptable for EPU.

Vessel Head Coollng Spray Nozzle: [[

J] Therefore, the
structural integrity of the vessel head cooling spray nozzle is acceptable for EPU.

Jet Pamp Instrument Penstration Sesl: [[

1] Therefore, the structural integrity of ths jet pump instrurnent penetration seal is
acceptable for EFUL.

Core Differential Pressure and Liquld Control Line: ([

]] Therefore, the structural integrity of the differential pressure and
standby liquid contro] line is acceptabls for BPU.

Control Rod Drive: [[

11 Therefore,
the structural integrity of the control rod drive is acceptable for EPU,
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3.35 KowInduced Vibration

The core flow dependent RPV internsls (in-care guide fube and control rod guids tube
corpanents) are acceptable for EPU operation becauss the mexdmum cors flow does nat change.

EPU operation increases the steam production in the core, remlting in an increase in the core
preseure deop. There i only a slight increase (0.1%%) in maxirmm drive flow at EPU conditions.
The increase in power may increase the level of reactor internels vibration, Analyses were
performaed to cveluate the effects of FIV on the reactor intemals at EPU conditions, This
evaluation nsed & bounding reactor power of 3952 MWt end 105% of rated core flow. This
agsessmént was besed on vibration data obfeined during startup (esting of 8 profotype plant
(Browns Ferry Unit1). For corponents requiring en evaluation but not instrumented in the
prototype plant, vibration date acquired during the startup testing fror similar plents or ecquired
outaide the RPV is used. The expected vibration levels for EPU were estimated by extrapolating -
the vibration date recorded in the prototype plant or similer plants and an GE BWR operating
experience. These expected vibration levels were then compared with the established vibration
acceptance limits. The following components were evaluated:

8) Shrond

b)  Shroud head and moisturs separator
t) Jetpumps

d) FW sparger

g) In-core guide tubes

f)  Control rod guide tubes
g)  Steamdryer

h) Jet pump sensing lines

The results of the vibretion eveluation show that continuous operetion &t & reactor power of

3952 MWt end 105% of rated core flow does not result in any detrimental effeots o the safety-
related reactor internal components

1)
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1

During EPU operetion, the components in the upper zone of the reactor, such as the moisture
separators 8nd dryer, ere mostly affected by the increased steam flow. Camponents in the core
region and components such as the core spray line ars primarily affected by the core flow.
Components in the smnulus region such =8 the jet pump are primarily affected by the
recirenlation punyp drive flow and core flow. For the EPU canditions, there is no change in the
meximum licensed core flow in cumparison to the CLTP condition, resulting in negligible
changes in FIV on the componsats in the annulus and core regions, Only the maisture separator
and dryer are eignificantly affected by EPU conditions. The steam dryer and moisture separators
are not safety-related components. However, the moisture seperator loads act on the shroud
tirough the shroud head. Becauss the ehroud is a safety-related componeat, the separator/shroud
Btructure wes tested at various power conditions up to rated power during startup. The
separator/shrond structure was eveluated from these test data.

Recent uprate experience indicatas that FIV at EPU conditions may lead fo high cycle fatigue
failure of some dryer components. A detailed evalustion will be performed to examine dryer
componeats susceptible to failure at EPU conditions, The results of the quantitative evaluation
will be used to identify any additional modifications needed to maintain steam dryer structural
integrity at EPU conditions. If any steam dryer components requiring modification are
identified, these modifications will be implemented prior to operation at the EPU conditions.

The calculations for EPU conditions indicats that vibrations of all safety-relatsd renctor internl

components ars within the GE acceptance criteria, Ths analysis is conservative for the following
toasons:

s The GE criteria of 10,000 psi peak stress intensity is less than the ASME Code criteria of
13,600 pai;

s ‘The modes are absolute summed; and

» The maximum vibratlon amplitude in each mode is used in the absolute sum process,
whereas jn reality the peak vibration emplitudes are unlikely to occur at the same time.

In additlon to the above components & supplemental evaluation was performed for additional
components per the requirement of NRC Regulatory Cuide 1.20 evaluated for FIV. Ths
following componeats were evalueted and found to be seceptable for FIV effects at EPU
conditiona: guide rods, top head instrumont nozzle, head spray nozzle, top head vent nozzle, CS
sparger, C8 piping, fuel assembly, shroud head bolts, MSL nozzle, water lovel instrument
nozzle, and top guide,

Based on the above, it ia conchuded that FIV effects are expected to remain within acceptable
limits at EPU conditions,

3.10
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33.6 BSteam Bepurator and Dryer Performance

The perfarmence of the stcam scparators nd dryer has been evaluated 10 ensure that the quality
of the steam legving the reactar presqure veszsl ramains ncocptablo 8t EPU conditions. EPU
lnc_xmu the saturated steam generated in the reactor core. At constant cors flow, this results in
8n increese in the separator inlet qua,llty and dryer face velocity and B decrezse in the water level
inside the dryer skirt. These factors, in addition to the core mdisl power distribution affect the
steam separator-dryer performance, Stzam scparator-dryer performence wes evalueted et BPU
equilibrium cycle limiting conditions of high radial power peaking and the eppliceble core flow
renge shown on the power-flow map (Figure 2-1), The predictad steam moisture content was

found acceptable.
34 REACTORRECIRCULATION SYSTEM

(3
1

The BPU power condition is accomplished by operating along extensions of current rod lines on the
power/flow map (Figure 2-1) with no increase in the maxinnm core flow at EPU RTP. The core .
teload znalyses are performed with the most conservative alloweble core flow. The evaluation of
the reactor recirculation system performance at the EPU RTP will snsure {hat adequate core flow
can be mainfeined.

(

1
SLO is unchanged by EPU,

The system piping has bssn reviewed for operation at the uprated canditions and found to mast its
design requirements (see Sectlon 3.5). System components (e.g, pumps and valves) will be
evalusized st EPU conditions to ensure that safety and design objectives are mel.

35§ REACTOR COOLANT PRESSURE BOUNDARY PIPING

The effects of the EPU have been evaluated for the Recirculation, MS (inside contsinment), MS
Draing, RCIC, HPCI, FW (inside containment), RWCU, C8, SLC, RHR, RPV Head Vent line,
MSRVDL and CRD piping systerns using the present code(s) of record. The effects of pressure,
flow, vibration and thermal expansion displaceruents (where applioable) were evaluated. The
evaluations of the abovs piping systems ars sither summarized in ths following subsections or in
Seotiom 3.11, The original Codes of record (s referenced in the appropriate calculations), Code
allowable, and anelytical techniquee were used and no new sssumptions were introduced.

3-11




NEDO-33047 - Reviston 0

An rltemate piping evaluation process was used for the MS piping evaluation for the Browns
Ferry EPU instead of the generic process described in Appendix K of BLTRL., A description of the
Browns Fezry piping eveluation process i3 included in Section 3,52,

Rlow-acceleratad corrosion for all potentielly affected piping systems is addressed in 3.11.3,

351 Recirculation Bystern Evaluation

The Recirculation systemn was ovaluated for compliance with the B31.1 Power Piping Code
stresn criteria for pipe and pips components, end for the effects of vibration and thermal
expansion displacements on the piping snubbers, hangers, struts and pipe whip restraints. Piping
Intecfaces with RP'Y nozzles, penetrations, pumps and valves wers also svaluated.

3511 Plpe Stresees

The effects of power uprate have been evaluated for the recirculation Joop piping using the present
code of record: B31.1.0 Power Piping Cods, [967 Edition, The piping was evaluatsd for
compliance with the B31,1 Code stress criteria end for the effects of thermal expansion
displecements on the piping snubbers, heangers, and struts. Plping interfaces with RPV nozzles,
penetrations, pumps and velves wers also evaluated.

A review of the changes in pressure, temperature, end flow associated with EPU indicate that
piping load changoes do not sesult in load limits being exceeded for the secirculation piping or far
RPV nozzles. The original design enalyses have sufficient differences (excess design margins)
between calculated stresses and B31.1 Code limits to justify operation at the EPU operating
flow, pressure, and temperature,

Tha design adequacy svaluation results show that the requivements of B31.1 Power Piping Code
requirements ars satisfied for the recirculation piping systemms. Therefore, the BPU does not
have an adverss effect on the Recirculation piping design. No new postulated pipe break
locations were identified.

3.5.12 Pipe Supporfy

The Recirculation system was eveluated for fhe effects of vibretion and tharmal expansion
displacements on the piping smubbers, hangers, and sfruts, A review of the changes in temperature
end pressure pssociated with the EPU indicates that piping Joad changes do nof result in any support
{oed limit being exceeded.

3.5.1.3 Flow Accelerated Corroslon

The Recirculation systam piping and components are made of stainless steel and are not subject
FAC degradation.

3.52 Main Steam and Assoclated Piping System Evaluation (Inslde containment)

The MS piping system and associated branch piping (inside comtainment) was evaluated for
compliance with the USAS-B31.1.10, 1967 Cods stress criteda. {[

3-12
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1l

The M5 system flow will increase by approximately 20% for EPU. As 8 result of the increases
in flow, the TSV closure forces will increase significantly, Due to these increases in transient
forces, enalyses for the TSV closure transient were performed for the MS piping. The TSV fluid
transient loads were generated utilizing the bounding ¢loging time for the TSV.

The MS piping and pipe supports were evaluated for the TSV fluid wensient loads in
combination with pressure, deadweight, and therma? loads. Because B seismic event may causc g
unit trip and a TSV closure, ths TSV transient loads wers 2lso considered concurrent with
applicable soispic loads. Dus to the time relationships between the Ioads resulting from TSV,
MSRYV discharge, and pips bresk events (i.c., LOCA); no combination of these loads is required.

The evaluation of the supporting structure is being reviewed. Wheys supports from different main
steam lines or different systems load the same member of the drywell stezl, the seismic and TSV
loads. of these difforent lines will be combined by the SRSS method, on an as needed besis,
Combination of these loads by ths SRSS mathod ig acceptable because the seismic response of
different lines and the fluid transient forces for different lines ere out-of-phase, with peak loads
ocourring at different times,

The braach piping connscted to the MS headers (MSRVDL, RCIC, HPCI, RPV Vent, and MSIV
Drain) was evaluated to determine the effect of the increased MS flow on the lines. ' This evaluation
coneluded that the branch lines rre aceeptable for the increased MS system flows following EPU.,
As with the MS piping, the pressures and temperatures for thess branch Iines do not change 85 &
resulf of EPU,

Any modifications required to mitipate the effects of increased transient loads will be completad
priar to EPU imaplementation,

3.52.1 Pipe Stresses

Analyses evaluating the increased turbine stop velve closure transicat loading due to increases in MS
flow indicate that piping stresses remain within the cods sllowables for the MS Systern The
originel design analyses have sufficient design margin between calculatad stresses and the USAS-
B31.1.0 code slloweble Limits to justify operation at EPU conditions,

Siadilarly, the branch pipelines (MSRVDL, RCIC, HPCI, RPV Vent, and MSIV Drzin) connectad to
the MS headers were evaluated to determine the effect of the increased MS flow on the lines. This
evaluation concluded that pipe stresses will remain within the code allowables for the MS branch
lines.

33522 PipeSupports

The pipe supports for the MS piping sysfem have been cvaluated for increased Joading associated
with the limiting fransiont at EPU conditions for adequate design margin to accomumodats the
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increased support loads. Any pipe support modifications deemed nacessary due to EPU increased
tremsient loads will be completed prior $o0 EPU iruplementation.

The supporting structure for the MS piping system is currently belng evaluatad for increazed Inading
essociated with the limiting transient et EPU conditions. Any supporting structure modifications
deemed necessary due to EBPU inmcreased tramsient loade will be completed prior to BPU
implementation.

3523 Flow Accelerated Corrosion
FAC for all potentielly affected piping systems is addressed in Section 3.11.3.

353 Yeedwater Evaluation

The PW systera (inside copteinment) was ovaluated for compliange with the USAS-B31.1.0-1967 or
equivalent Code siress criteria, and for the effacts of vibration and thermal expansion displacemsnts
on the piping smubbers, hangers end stnis, Piping interfaces with RPV nozzles, penetrations,
flangea and valves were alzo evaluated. The results of this evaluation are provided in Table 3-7a.

3.53.1 PipeStreases

A raview of the small increases in pressure, temperature and flow associated with EPUJ indicates that
piping load changes do not result in Joad limits baing axceeded for the FW piping system or for RPV
nozzles. The original design analysea have sufficient design mergin between celculated stresses end
USAS-B31.1.0-1967 Code ellowsable limits to justify operation at EPU conditions.

The design edequacy cvaluation shows thet tho requirements of USAS-B31.1,0-1967 Code
requirements remein satisfied. Therefore, EPU doss not have an adverse effect on the FW piping
design, Noasw postulated pipe break locations were identifed.

3,532 Pipe Bupports

The FW systam was eveluated for the effects of vibration and thermal expansion displacements oo
ths piping snubbers, hangers, and struts. A review of the increeses in teropersture and FW flow
associated with EPU indicates thet piping load changes do not result in emy loed limit being
excssded,

3533 Flow-Accelerated Corrosion

Flow-accelerated corrosion for sll potentially effected piping systems is addressed in Section
113,

354 Other RCPB Piping Evaluation

Thie section addressas the adequacy of the other RCPB piping dasigns, for operation st the EPU
conditions, The nominal operating pressure and tempesanire of the reactor are nat changed by EPU,
Aside from MS and FW, no other systam connectad to the RCPB sxperisncas a significant increaged
flow rate ai EPU conditions. Only minor changes to fluid conditions are axperienced by thess
sysieme due to higher steam flow from the reactor and the subsequent change in flrid conditions
within ths reactor, Additionally, dynamic piping loads far MSRY et ERU conditions are bounded by
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those used in the existing anelyses. The EPU effects have been eveluated for the RCPB portion of
the RFV head vent ling, SLC, CS, RPV bottom drain, MSRV discharge piping end RWCU piping,
B8 required.

31514-1 Plpg Stresses

Thase systemns were eveluated for oomplwnze with the USAS B31.1 or ASME Code stress criteria

(as applicable). Because none of these piping systems experience any significant change in
operating conditions, they are sl acceptable 23 currently designed.

3542 Pipe Supports

The systoms listed above were evaluated for the effects of vibration and thermal expansion
displacements on the piping enubbers, hangers and struts. A review of ths changes in pressure,
femperature and flow mssociated with BPU indicates that piping Ioad changes do not result in auny
Joad limit being excesded.

3.54.3 Other RCPB Pipiog Flow-Aceelerated Corrosion

Flow-accelerated corrosion for all potentially affected piping systems is addressed in Section
113,

3.8.8 Piping Flow Induced Vibration

Key applicable structures include the MS system piping and suspension, the FW system piping
and suspension, and the RRS systen: piping and suspension. In eddition, branch lines attached to
the MS system piping are considered.

RRS drive flow is not significantly increased (< 5%) during EPU-opmtion. I

i

The MS and FW piping have increased flow rates and flow velocities in onder to accommodate
EPU. As a result, the MS and FW piping experisnce increased vibration levels, approximately
proportional to the square of the flow velocities. The ASME Code and nuclear regulatory
guidelines require sorme vibration fest data be taken and evaluated for these high-energy piping
systems during initial operation at EPU conditions. Vibration data for the MS and FW piping
inside containment will be acquired using remote sensors, such as displacemnent probes, velocity
sensors, and accelerometars. A piping vibration starfup {est program will be parformed and the
results will be reviewed for acceptebility. The FIV testing will be pecformed during RPU power
ascension,

The safety-related thermowells and probes in the MS and FW piping systems were evaluated and
found (o be edequate for the incezased MS and FW flow as & result of RPU,
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3.6 MAIN STEAM LINE FLOW RESTRICTORS

The increase in steam flow rate has no significant effect on flow restrictor erosion, There is no effect
on the structutel inteprity of tha MS flow element (restrictor) due fo the incressed differential
pressute because the restrictors were designed and analyzed for the choke flow condition,

Following a postulated stearn line break outside containment, ths fluid flow in the braken steam line
increases until the MSL flow restrictor limits the fluid flow. Becauss the maximum operating dome
pressure doss not changs, the rosulting breek flow rate is unchanged from the current analysis and
the operational stresses are not affecied, Therefore, the MSL flow restrictors are not significamtly
affected by BPU,

3.7 MAINSTEAMISOLATION YALVES

The MSIVs are part of the RCPB, and perform the safety function of steam line isolation during
certain atmormal events. The MSIVe must be able to close within a specified time range &t all
design end operating conditions. They are designed to satisfy leakage limits sel forth in the plent
T8.

The MSIVs have been [[ ]] eveluated, ms discussed in Section 4.7 of ELTR2. The
evelustion covers both the effects of the changes to the structaral capability of the MSIV to meot
.presfee boundary requirements, end the potentiel effects of EPU-related changes to the safety
functions of the MSIVs. f[

]] The MSIVs will be modified to ecoommodate the higher valve stem forces
caused by the increased steam flow rats. Therefore, [[
] and the MSIVs are acceptable for EPU
operation,

38 REACTOR CORE ISOLATION COOLING
The RCIC system evaluation scope is providad in Section 5.6.7 of ELTRI.

The RCIC system is required to maintsin sufficient water inventory in the reactor to permit adequate
core cooling following a reactor vessel isolation event accornpanied by loss of flosy fiom the FW
gystam. The system design injection rate must ba sufficient for compliance with the systern lmiting
critaria to maintain the raactor water leve] above TAF at the EPU conditions. Ths RCIC system is
designed to pump water info the reactar vessel over a wide range of opetating pressures. As
deseribed in Section 9,1.3, this event is addressed on a plant specific basis, The results of the
Browns Ferry plant specific evaluation indicate adequats water lsvel margin above TAF at the EPU
conditions, Thus, the RCIC injection rete is adequate to mect this design basis event.

An operational requirement is that the RCIC system cen restore the reactor water level while
gvoiding ADS timer initiation end MSIV closure sctivation functiona associsted with the low-low~
low reactor water level setpoint (Level 1), This requirement is intended ¢o avoid unnecessary
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initistions of these safety systems. Ths results of the Browns Femry plant specific evaluation
indicates that the RCIC system is cepable of maintaining the water level outside the shroud sbove
nominal Level [ setpoint through & limiting LOFW eveat at the BPU conditions, Thus, the RCIC
injection rate is edequate to meet the requiremeats for inventory makeup (see Section 9.1),

For the BPU, there iz no change to the normal reactor opereting pressure and the MSRY setpoints
remain the sams. There is no change to the maximum specified reactor pressure for RCIC system

opezation, ([

]] because there are no physical changes
to the pump sustion oonfiguranon, and no changes to the system flow rate or minimuwn atmospheric
pressure in the suppression chambxr or CST, EPU does not affect the capability to transfer the
RCIC pump suction on high suppression pool level or low CST level from its nonnal alignment, the
CST, to the suppression pool, and does not change the existing requirements for the fransfer. For
ATWS (Bestion 9.3.1) and Appendix R (Section 6.7,1), opsration of the RCIC systemn &t suppression
pool temperatures preater than the operational limit may be accomplished by using the dadicated
CST volume s the source of water, Therefors, the specified operatianal tamperature limit for the
process water does not change with the RPU. ([

1] The effect of EPU on the operation of the RCIC system during SfxuonBlackouteijs is
discussed in Section 9.3.2.

The reactor system response to & loss of FW transient with RCIC is discussed in Section 9.1.3,

For Browns Ferry, & portion of the CST volume {135,000 gellons) is reserved for RCIC
operation by ths uss of & standpips in the tank, The increase in reactor decay heat due to EPU
reduces the amount of time that RCIC can maintsin resctor vessel level in hot shutdown
conditions utilizing this reserve volume from greater than 8 hours to g little less than 6 hours.
This is not a safety-related function and procedures ere in place to direct the establishment of
additional gources of water if the CST level rpproaches the top of the standpipe. Additionslly,
ths UFSAR provides a discussion of suppression pool tempersture following reactor vessel
isolation with RCIC operation, Operation of RCIC during this time would not be affected by
EPU conditions; however, the energy added to the suppression pool from the MSRV discharge
would inorease due to the increased decay heat associated with BPU,

[

system is scceptable for EPU.

39 RESIDUAL HEAT REMOVAL SYSTEM

The RHR system evaluation process is described in Section 5.6.4 of ELTRL. The following
. results for the RHR system evaluation [

1l

J] Therefore, the RCIC
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The RHR syitem is designed to restore aad maintain ths reactor cooleat inventory following &
LOCA and remove reactor decay heat following reactor shutdown for normal, trensient, and
novident conditions, The EPU effect on tha RHR system is a rasult of the higher decay heat in
the core corresponding o tha uprated power and the increased amowunt of reactor heat discharged
into the containment during 8 LOCA. The RHR system is designed to operute in the LPCI mode,
SDC mode, SPC mods, CSC rmods, Supplerental Spent Fuel Pool Cooling and Standby
Cooling/Crosstiss mods.

The LPCI mode, as it relates to the LOCA response, is discussed in Section 4.2.2.

The SPC mode is manually initiated following isolation transients or 2 postulated LOCA to
maintain the containment pressure and suppression pool (emperature within design limits. The
CSC mode reduces dryvell pressure, drywell temperature, and suppression chamber pressure
following an accident. The adequacy of these opersting modes is demonstrated by the
containment enalysis (Section 4.1).

The higher suppression pool temperature end containment pressure during a postulated LOCA
(Section 4,1) do not affect hardware capabilities of RHR equipment fo perform the LPCI, SPC,
end CSC functions.

The Supplemental Spent Puel Pool Cooling mode, using existing RHR heat removal capacity,
provides supplemental fuel pool cooling capability in tha event that the fusl pool heat load
exceeds the heat removal capability of the FPCC system, The edsquacy of fie]l pool cooling,
including use of the Supplemental Spent Fuel Pool Cooling mode, is eddressed in Section 6.3.

3.91 Shutdown Coollng Made
[

I

392 Suppremilon Pool Caoling Mode

The functional design basis as stated in the UFSAR for the SPC Mode during normal plant opecation
is to cootrol the initinl pool temperature below the TS limit to so thet the pool temperature
immedintely after 2 blowdown does not exceed the condensation limit in the event of 2 design basis
LOCA, and to easure the long-termn pool tetnperature does not exceed the torus atieched piping
enalysis limit The EPU maxtmum suppression pool temperature {Section 4.1.1) ia utilized as the
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torus ettached piping analysis temperature Lirnit in the torus attached piping enelysis, therafore,
this objective is met for BPU,

The increase in decay heat due to EPU increasen the heat input to the suppression pool resulting
in slightly higher containment ternperature end pressure during the initial stages of o LOCA,
The EPU effect on the containment (drywell end torus) temperature, pressure, and condensation
limit after & design basis LOCA is described in the containment analysis (Section 4.1.1).

As shown in Section 4.2.5, there it adequate NPSH margin during the RHR pump operation
under the post-LOCA operating conditions.

39.3 Containment Spray Cooling Mode

The CSC meode provides water from the suppression pool to spray headers in the drywell and
suppression chamber to reduce containment pressure end tempereture during post-accident
conditions, Following BPU, increases in the post-LOCA contalnment spray temperature
correspond to the increase in puppression pool temperature. The rate of increase has & negligible
eifect on the calculated valucs of drywell pressure, drywell temperature, and suppression
chamber pressure since these parametors reach their highest values prior to actuation of the
containment spray s shown in Section 4.1.1.2 end 4.1.1.3.

The C5C mode is used ta reduce containment pressure following a LOCA, which can affact the
available NPSH. The adequacy of NPSH margin during the RHR pump operation under the
post-LOCA aperating conditions is discussed in Section 4.2.5,

3.94 Supplemental Spent Fuel Pool Cooling

Tho RHR Supplemeatal Spent Fuel Pool Cooling Mode, using the existing RHR heat removal
capacity, provides supplemeanta! fuel pool cooling in the event that the fuel pool heat load exceeds
the heat removal capability of the FPCC systern due to off Joading of the entire cors. This mode
operates along with the FPCC system to maintain ths Fue] Pool tempereture within eccepteble limits
during a reactor cold shutdown. The incressed short-term fliel pool heat load due to BPU does not
exceed the combined heat removal capacities of this mode and FPCC system. (See Section 6.3.)

3.95 Steam Condensing Mode

Steamn Condensing mode of RHR is nat installed at Browns Ferry,

3.9.6 Standby Coollng/Crossties

Standby Cooling/Crossties utilizes the standby coolant supply connection and the RHR crossties
to provide additional long-term redundancy to the emerpency core and containmeat coaling

systans. This function is not affected by EPU because the performance requirements for the
emergency core and containment cooling systems are not changed.
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3.10 REACTOR WATER CLEANUP SYSTEM

RWCU system operation at the EPU RTP level slightly decreases the temperature within the
RWCU system. This systera is designed to remove solid and dissolved impuritics from
reciroulated reactor coolant, thereby roducing the concentration of radioactive and corrosive
species in the reactor coolant The system is capable of performing this function at ths EPURTP
level.

Based on operating experience, the FW iron input to the reactor increases us 2 result of the
moreased FW flow. This input increases the caloulated reactor water iron concentration from
20.4 ppb to 23.7 ppb. However, this change is considered insignificant, and doss not affect
RWCU.

The effeets of EPU on the RWCU system functional capability have been reviewed, and the
system can perform adequately during BPU with the original RWCU systera flow. This RWCU
system flow results in & slight incresse in the celeulated reactor water conductivity (from
0.10 uS/cm to 0.11 pS/cm) becauss of the increase in FW flow. The present reactor water
conductivity limits are unchanged for EPU snd the actus! conductivity remeins within these
Iimits.

The system piping and components have been reviewsd for operation at the upmted conditions
(pressure and temperature) and found to meet its gafety and design objectives, including maintaining
structural integrity during normal, upset, emerpency, and fanlted conditions. In the event of e HELB
m the system pipmg, eppropriate isolation shall be echieved (sec Section 4.1.3). Refer 1o Sections
3.5 and 3,11 for evalvation of pipe and support adequacy, and Section 10,1 for the HELB evaluation,

3.11 BALANCE-OF-PLANT PIPING EVALUATION

Ths BOP piping systetss ¢valuation consists of a number of piping subsystems that move fluid
through systems outside tha RCPB piping.

For some BOP piping systems, the flow, pressure, temperature, and mechaunical loads do not
increase. [[

1

Large boce and small bore ASMR Class 1, 2 and 3 equivalent piping and supports not addressed
in Section 3.5 were evaluated for acceptability at EFU conditions, The evaluation of the BOP |
piping and supports was performed in 8 manner stmilar to the evaluation of RCPB piping
systems and supports (Section 3.5), using applicable ASME Section III, Subsestions NC/ND or
B31.1 Power Piping Code equations. The original Codes of record (as referenced in the
appropriate calculstions), Code sllowabies, and enalytical techniques were used end no nsw
assuroptions were introduced.
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The LOCA hydrodynamic loads, including the pool swell loads vent thrust loads, CO loads end
chugging loads were originally defined and evaluated for Browns Ferry,' The structures attached
to the tarue shall, such as piping systen, vent penctrations, and valves are based on these LOCA
kydcodynemic loads, For BPU conditions, the LOCA torus shell response loads were re-
evalunted waing & mote realistic RPYV depressurization to within the capability of the available
gumber of MSRVa. These loada were found to be acceptable end thers are no resulting effects
on the torus shell attached structures.

The offects of the BPU conditions have been evaluated for the following piping systems:

MS - Outside Containment {specifically addressed in Section 3.11.4)
Extraction Steam, Heater Vents and Drains

FW and Condenssate

RWCU - Qutside Containment

RHR - Oufside Containment

RHR Service Water ~ Qutside Containment

CS = Quiside Containment — Pump Suction / Pump Discharge
HPCI ~ Outsids Containment

RCIC— Outside Containment

SLCS - Outside Containment

CRD

EECW

RBCCW

SPC/ADHR

RCW/Stator Cooling Water

SGT

Off Gas

Torua Attached Piping including ECCS Suction Strainers

3.11L.1 Pipe Stresses

Operetion &t the EPU conditions increasss stresses on piping and piping system components due to
slightly higher operating temperatures end flow retes internal to the pipes. For those systerns with
enelysis, the meximnum stress Jevels and fatigue enalysis results were reviewed based on specific
increases in teropetature pressure and flow rate. (se= Tables 3-7a and 3.7b). For those systams that
do rot require & detailed analysis, pipa routing and flexibility was evaluated and determined to be
acceplable. These piping systems have been evaluated, using ths process defined in Appendix K of
ELTRI and found fo meet the appropriate code criteria for the EFU conditions, based on the design
margins betwesn actusl stresses and cods Jimits in the original design.  All piping is below the code
aliowsbles of the present cods of record: USAS B31.1.0 - 1967 Power Piping Code and ASME
Boiler and Pressuro Vessel Code — Section 111, Division I through the summer 1977 Addenda for
torus sttached piping. No new postulated pipe break locations were identified.
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3.11.2 Pipe SBupports

Operation at the EPU conditions slightly increases the pipe suppaort loedings due fo increages in the
tempereturs of the affected piping systems (ses Tables 3-7s, 3.7b, and 3-7¢).

Ths pipe supports of the systems affected by EPU loading increases (RHR, C5, and Torus attached
piping systems) were reviewed ta determine if there in sufficient margin to code acceptance criteria
to accomsnodats the increased loadings, This review shows that in most cases there is sdequate
design margin between the original design stresses and code limits of the supparts to accommodate
the loed increase. A very limited number of pipe supports will requirs & more detailed evatuation to
show tha! the support structure is moceptable for the incressed loading. Should exy detailed
evsluation show that ths code limits candot be met; modifications will be made pricr to EPU
implementation,

3.11.3 Flow Accelerated Corrosion

The integrity of high energy piping systems is assured by proper design in accordance with the
epplicable codes and standards. A considerstion in mssuring proper design and maintaining
system operation within the design is the allowable piping thiokness values, Piping thickness
values of carbon stsel components can be affected by FAC. Browas Ferry has an established
program for moniforing pipe well thinning in single phass sad two-phase carbon steel piping.
Process variables that influence RAC at Browns Perry ers moisture content, water chemistry,
fempecature, oxygen, flow path geometry and velocity, and material composition. .

EPU operation results in some changes to parametars affecting FAC in those systems associatsd
with the tizhine cycle (e.g., condensate, FW, MS, extraction steam). The evaluation of and
inspection for FAC in BOP systems ie addressed by compliance with NRC Generic Lettar 89-08,
“Erosion/Corrosion in Piping.” The Browna Ferry RAC program currently monitors ths affected
systems (see Section 10.7). Continued monitoring of the systems provides e high level of
confldence in the integrity of potentially susceptible piping systerns. Appropriste changes fo
piping inspection frequoncy will be jmplemented to ensurs adequate meargin is maintained for
those sysiems where process conditions change, This includes adjustments to predict maferial
logs rates to project the need for maintenance/replacement prior to reaching minimum wall
thickness requirements. Tha program providss assurance that the BPU does not adversely affect
" piping systams pofentially susceptible to pipe wall thinning dus to FAC..

3114 Main Steam-and Assoclated Piping (Outside Containment)

The MS piping system (outside confaimment) was evaluated for compliance with Browns Ferry
criteria, Included in the evaluation wers the affects of EPU on piping stresses, piping supports
end the associated building structure, tuthine nozzles, and valvas,

The MS piping pressures aad tempesanires outsids containroent are not affected by EPU; there
was no effect on the analyses for thess parameters, The incroase in MS flow results in increased
forces from the turbine stop valve closwre transient. The turbime stop valve closure Joeds bound
the MSIV valve loads becanse the MSTV closure time is significantly longer than the stop velve
closure time, The MS analysis results ere provided in Teble 3-7c. ’
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3.114.1 Pipe Stresses

A teview of the increase in flow associated with EPU indicates that piping load changes do not
result in load limits being exceeded for the MS piping system outside containment, The ariginal
design hae gufficient design margin to justify operation et the EPU conditions. The pressure and
temperaturs of the MS piping is unchanged for EPU and the pipe stresses are acceptable,

3.114.2 Pipc Supports

The pipe supports (primerily spring type supports) and turbing nozzles for the MS piping eystem
outside containment were evaluated for the increased loading and movements associated with the
turbing stop valve closurs transient at EPU conditions. The eveluations demonstrate that the

supports and urbine nozzles have adaquate design margin to accommodate the increesed Joads end
movements resulting from EPU,

3.12 REFERENCES

1. . GE Nuclear Energy, “Generic Guidelines for Gensral Electric Boiling Weter Reactor
Bxtended Power Uprats,” (ELTRLI), Licensing Topical Reports NEDC-32424P-A, Cless I
(Broprietary), February 1999; and NEDQ-32424, Cless I (Non-proprietary), April 1995,

2. GE Nuclear Energy, “Generic Bvaluations of General Electric Boiling Water Reactor
Extendad Power Uprate,” (ELTR2), Licansing Topical Reports NEBDC-32523P-A, Class 111

{Propristary), February 2000; NEDC-32523P-A, Supplement ! Volume I, February 1999; -

and Supplemsnt | Voheme H, April 1999.

3. GB Nuclear Ensrgy “GE Methodology to REV Fast Neutron Flux Evaluations,” Licensing
Topicel Report NEDC-32983P, Class 1If (Proprietary), August 2000 end NEDXO-32983-A,
Class I (Non-proprietary), December 2001,

4, NRC, March 10, 2004, "Browns Ferry Nuclear Plant, Units 2 and 3 « Issuvance of
Amendments Regarding Progsure-Temperature Limit Curves (TAC Nos. MC0807 and
MCO0808)", Ansendments Nos. 288 end 247,

1.3




[ ot Rl e R L1 - . e, . e e .
NEDO-33047 - Revlslon ¢
) Table 3-1n
Brown Ferry Unit 2 Adjusted Reference Temperatures
40 Yenr Life (34 EFPY):
Pin
Tioum v £33 Sochu MO PukID. tunw=  LIBel2 pimY
MBEPY Fosk IMT Ousits=  [0BSI3 ohardd
SC POPY Peal IMTEyWa® LUPHIZ ”hm 2
Wikt
Thitpus = 513 oy S EFFY Pk (D, flumeas  1SBHIE phm*2
MY Pk IN Mhecta-  1IBel8 emd
) i BPYIsTMThew= LUBHIB  whe'2
nifad BT ) ey a 7% G EPY | M 2PrY
COMPONENT BRATCAMIATAOY Ko WNi cr Rt | Mo b 4 RTOX Manh 0 AXY
he 4 B3 ) b F e o *F
© PLATES:
Lewse el
§-133-3¢ C34612 0.16 0.33 11 23] 128430 48 4 17 ted n «Q
§-12%18 ©2489.§ n.1? 843 1n? 20 (06413 0 ] n ko 2 o
633317 Cads03 [ A} oIt 11 b 1.08+19 a7 [ " b N {3
* Lo vedart orw o e Bholl :
4-133.§ AD9R]] 0.1¢ 833 ”" -In ot a [ 11 ™ % el
8.13%.1¢ 11104 [ 3] [ ¥] 112 »10 15818 41 ] 17 b2 [ } n
§-123:30 2849+ [ A} .39 » -1® 106418 N ? 3 »n a R»
WELD&
LongRodinsl B B.3¢ .33 14 L 106438 0 1 n o m s
Cvanbmare D453 0.0 a.8s I «+d 10858 10 B a8 2] 3% »
* Ebty shombtry barad on BAW 22902239
< Spralls WX Hoatsbembmas ar not svalabl,
650 Yenr Life (52 EFPY):
Mk
Thhimem s 60 L] SSEAY Pl 1D Moasas  33BslE nOesS
[ BRPY Poak 14 Threanse  JEGHE  whev)
32 BYYPaX 1M TRawee™ 166918 2w’
Wed
Thiimam = 61 heha SIEMPY ek [D.Dumsto = 238410 oberd
RETYPakIMT o>  LEB-IS  pRu™d .
52 ENTYPeak 1A TIrosuee= 356418 nRm™d
el INT | STEFPY & ds 2 5%Y | R BPY
COMPCNANT HEAT O EHATROT L] L V)] cr MMat | Promes | A KThé Mz L] AT
# | | » - D4
EIATEO
Lawar fhatl .
£:132:34 Caes2 0.16 0.92 12 -22 145648 EL) L 37 el B T
6-132.13 (o1 4% 6.1t 0.¢8 e o2t 142400 (] [ 17 M | od N
6:122.13 Cocoa 0.13 091 [ 3 [ L8+(3 ds [ 7 M » "
(2 4vwes 223 06110031086 Bhedl
1274 ADYE1-) 0.1% ¢33 A ol 15810 N [ 17 b od i «
$:13706 C2¢6™( 016 0.52 n2 «18 158418 EL] [ 12 ko )3 |3
§4373)0 Cans.t 0.1 0.50 n ag 142400 b 14 0 17 b A L3
WELDR:
Lrmeptedinal BHwe 014 [ R} "t e 148+(t 7 1 n [~ 373 1%
Conasfitenes Css133 8.00 g.43 11 10 148400 ] [ n & 417 -

¢ REW cliombiry bared tu BAW.23SA1YY
¢ Bpealfo wold DeatsbamBung are pol ave kb,

3.24




PrETT———t e g e

NEDGO-33047 = Revlilon 0
Teble 3-1}H .
Browns Ferry Unit 3 Adjusted Reference Temperatures
40 Year Life (34 ERPY): o
Pk
Dhizage o Inctes KEIPYra(D tpeces  1TUS werd
MErY Pk 1T emes  J0BHIE Mg
M ERYPRLINT e 103412 chmrd
Wis¢
Tidowe » &3 ler OV NGID. Smam= LM nom'd
Y Pwa dA TRuccs  10BAS  wonrd
34 EreY Pek IMTumne  LOEFS  nAwn
N Bl ar xerry ) (-] 34 VY | VY
COMPOMTINT HEATDAMRATAOT] %cu "W @ | Rk | Pawes } 4 ntoke Magh | shit ART
% || w 5 ) )
]
Lawer el
Baasa Bl B.13 X33 196 o | ® 1”7 M » »
) o 0.1 0.5¢ 1) 2 |ueenl m ° 1 9 n 0
Belas.r3 o273 o4 nes Pts | 4 |wes]| @ ¢ t? E9) » n
Lre e atecmndise bell
63432 o 013 0.00 st Q0 et | w ¢ 1) ~ » . %
. 452 o2 10 0.4 61 a0 |aeen| < 1 28 Y 3
63434 272471 PXH XY 1 2 || n ® 2] M n Y
WERLOR
: Leagiruditel BEW 034 o i nt [usu| w | [ 13 s
Croodmace o573y aee oS e « |wen| wm a | 35 © » o
4 BIW sbhrmbixy beond on BAW.2252Q23¢
* Bpssd vkl heatchimstrh1 are motavalsvh,
) 60 Year Life (52 EFPY):
e : .
Tiskzove = i3 P SITPPY Pkl hmese  2IHE o
DO Pk ST Muosse  1480(E  nhmd
. 82 DWYRRIATOMMe 1586 nhard
wed
Tiamw » 613 frches A18rrY St (D flomse=  33B(8  mbmrd
QRETYPARINT i  LABHE A2
2 Ik IMTiomue= | 430(0 g
xhhl T 23 3rrY -1 -7 it XYY |2 XITY
oondrET HEATORIATILOT) %%y o & | Aot § Puaoe | 42002 Mugh | B ART
2 fger !l L Ld "
HATER
Larvrar D .
1434 c1t2 nas as2 106 o Prsaetn| q " M » ]
1457 [~} )39 813 [ Y] 30 20 LEBHy » [} " M [ -] [~ g
PEYYRTY T2 v oo | w019 | + jrsmn| n ] 11 % %) [
. ity ShoiL
61453 £3033 [X1) 00 ” & |use] o » " 3 n n
. 1483 OBk 230 049 Y] 2 el u 0 " M o 8
PP aneM e H 05) w B |1 6 ¢ " M L3 ]
WrLDe
loagiodinel BRW [.LT] 0.3y 181 231 | 15812 ) 3] u " 1] 13
CumSnpe DEsNnd [ F ] 0,45 (34 - [¥.:23] al [ ] a b1 s 7t

* WY shexvirtry base 8 02 BAWSIZS2A39Y
® Jpusific wedl beatcbrrubtiee pos aatavafabls,

peve o




- am—n .

. oo smp

R TR

oes magry wee s temer wmic  n

NEDO-33047 « Revidon 0

Table 3-2a

" Browna Ferry Unit2 CUI&:)' of Limiting Components

P + Q Strers (ki) CUF

Current| EPU Allpwable | Current| EPU Allowable

, Component {ASME
Code Limie)

FW Nozzls 472% | 492® | 69935, | 0984 | 0.997® 1.0
(Blend radius)
Main Closure Stud
Cross section 49.2 492 734(3Sy) | 0.762 | 0.762 1.0
Meaximum peripheral | 103.3 1033 | 110.1(38p
Support Skitt 11599 | 1159% | 80.1(35.) | 0.904 0.904 1.0
Recirculation Outlet | 755 75.1 20.1(35 | 0.779 | 0779 10
Nozzle
Notes:

1. Only components with usage factors grca:ter than 0.5 sre included in this 1able. _
2. 8., alternating stress jn rccordance with ASME code, Section 111 Subsection NB is shown.

3. Thermal bending has been included. P + Q stresses are accepiable per CLTP elastio-plastic
saalysis, which is valid for BPU conditione.

4. The combined usags fator for system cycling + rapld cycling is 0.9966 for normal duty end

0.997 for FFWTR.
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Table 3-2b
Brovwns Ferry Unlt 3 CUF1 of Limiting Camponents

P+ Q Strews (ksi) : CURY
Component Current | EPU Allowable | Curvent| EPU | Allowable
(ASME

Code Limit)
FW Nozzle 472® | 4929 | 69938 | 0984 | 0.997% 1.0
(Blead radius)
Main Closure Stud
Cross section 492 49,2 73.4 (38n) 0.762 0.762 1.0
Maximum peripheral 1033 1033 | 110.1 (38
Support Skirt 1159% | 11599 | 80.1(38) | 0904 | 0904 1.0
Recirculation Qutlet 758 75.1 80.1 (3S) 0.779 0.779 1.0
Nozzle
Notes:

1, Only components with nsage factors greater than 0.5 ace included in this table,
2. 8y, elterneting stress in accordance with ASMB code, Section III Subsection NB is shown.

3. Themmal bending has been included. P + Q stresses are acceptabls per CLTP elastic-plastic
analysis, which is valid for EPU condstions.

4, The combined usags factor for systsm cycling + rapid cycling is 0.9966 for pormal duty and
0.997 for FFWTIR.
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Table 33

Browns Ferry RIPDs for Normal Condltions (prid)’

Parameter CLIE EpU
Core Plate end Guide Tube 2284 24.40
. Shroud Suppert Ring &nd Lower Shroud 3106 32.89
: Upper Shroud 823 8.55
Shroud Heed g42 9.43
Shroud Head to Watar Lovel (rreversible®#) 108 12,24
Shroud Head to Water Laval (Elovation®*) 1.07 0.9¢
Top Guide 061 061
Steam Dryer 033 0.42
Fuel Channel Wall 11.67 13.31

*  105% care flow

“¥  Treeversible loss is the loss across the separetors; the elevation loss or ceversible hend Joss is
the loss between the inside shroud to the exit of the separators.
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Table 34

Brawnas Ferry RIPDs for Upset Conditions (psid)°

Parameter CLTE EPU
Core Plate and Guide Tube . 25.24 26.80
Shroud Support Ring end Lower Stroud 3346 3529
Upper Shroud 1234 12.82
Shroud Head 12,63 14.14
Shroud Head to Water Love] (Irrevessible*®) 16.20 18.36
Shroud Head to Water Leve! (Elevation**) 1.61 141
Top Guide 1.10 0.92
Steam Dryer 0.50 0.62
Fuel Channel Wall 14.57 16.21
" 105% core flow

oo Irreversible 1oss is the loss across the separators; the elavetion 1oss or reversible head loss
in the Joss between the inside shroud to the exit of the separators.
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Table 35

Browns Ferry RIPDs for Faulted Conditions (psid)’

Pargmeter

Core Plate and Guide Tube

Shroud Suppmt Ring and Lower Shroud
Upper Shroud

Shroud Heed

Shroud Head to Water Level (Irreversible**)
Shroud Head to Water Level (Blevation**)
Top Guide

Steam Dryer***

Fus! Channs! Wall

' 105% core flow
[ 23

L3 2]

CLTP

30

52

30

30

32

21

28

No Change

14.6

Erd
285

51
23
29.5
32
14
1.1

s e,

15.5

Irreveraible loss is the lase accoss the separators; the elevation losy or reversible head loss
is the loss between the inside shroud 1o the exit of the separators,

These pressure drops &re for an MSLB outside primary containment. The steam dryer

pressure drop is greatest for the high flow, low power condition (interlock point). The
interlock condition has not chenged with the EPU.
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Table 3-6

Browna Ferry Reactor Internal Components = Summary of Stresses

Item | Component Category/ Stres:/Load CLTP |EPU Allowable
Location Service Category Value (Value
) Condition
1 |Sheoud Normal/Upsst | Bounded by Pro-EPU design basis Loads/Stresses
Emergenoy!
Faulted
2 Bhroud Support Design Stress (pai) 24,500 | 30062 34,950
: Operating
3 Shrond Support Paultad Boundsd by Pre-EPU desizn basls Loada/Stressss
4 Core Plate Noomel/Upset | Buckling/Sliding 252 2638 28.0
AP (psid)
5 Core Plate Emergency! | Bounded by Pre-EPU design basis Loads/Stressss
Faulted .
& Top Guida Normal/Upset | Bounded by Pre-EPU design basis Loads/Stresses
Emergency!
Faulted
7 CRD Housing Qualitative Assessment (See Section 3.3.4{e))
B Control Rod Guide |NormalUpset | AP Backling 024 0.26 .40
Tube : (p/pc)
8 Control Rod Guide |Emergency/ |Boundsd by Pre-EPU decign baals Loada/Stresses
Tubs Faulted
10 .| Orificsd Puel Normal/Upset | Stress 12,413 | 12,527 15,580
Support (psi)
11 |Orificed Puel Emecrgency! | Bounded by Pro-EPU design basis Loads/Stresses
Support Faulted
12 | Fue] Channals Qualiied per Propristary Fuel Dazigh Bagis
13 | Steam Dryer (Hood) |Nonual/Upsat | Stzess (psi) 4,034 5,027 16,930
14  |Stsam Dryez Faulted Bounded by Pre-BPU design basis Loeds/Stresses
15 | FW Bparger Nomnal/Upset |Pm+Pb+ Q- 70,800 | 70,910 76,500
Slotted Ring Therm. Beoding
(pei)
16 |FW Sparger NormalfUpset |Pm +FPb (psi) 5,150 6,990 21,450
Header Pipe/Tee
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Item | Component Category!  |Stress/Load CLTP |EPU |Allowable |
Location Service Category Value |Value
Condition
17 |FW Sparger Emergency Pm +Pb (psi) 6,020 7.820 28,600
Header Pipe/Tes
1B | FW Sparger Faulted Pm +Pb (psi) 33,600 | 35450 |- 42,900
Headsr Pips/Tae
19 | Jet Pump (including [ Normal/Upset | Bounded by Pra-EPU design basts Losda/Stresses
riser brace repair - | Bmergancy/
BFN 3) | Faultsd
20 | Core Spray Lineand | Qualitative Assessment (See Section 3.3.4(1))
Sperger (inchades T-
box and
downcomer Repairs
- BFN 3)
21 1Access Hole Cover | Normal/Upget | Pm + Pb (pai) 8,756 7,093 34,950
22 JAccess Hole Cover |Bmergency/ | Bounded by Pre-EPU desipn basis Loads/Stregses
| Pautted
23 |ShroudHeadand  {NormalfUpset |Pm-+Ph (psi) 33,993 | 34,483 | 34,950
Steam Separator
Asserably (SHB) .
24 | Shroud Head end Bmergency P +Pb (psi) 31,348 | 34,671 52,425
Steam Separator
Assembly (EHB) .
25 (EBhroud Head and Faulted Pm+7Pb (psi} 41,432 | 41,758 £9,900
Steam Separator
Aspscmbly (SHB)
26 }In-Core Housing end | Qualitative Assessment {See Section 3.3.4(0))
Crulde Tube
27 | Vessel Head Cooling | Qualitative Assegsraent (See Saction 3.3.4(p))
Spray Nozzle
28 | JetPump Instrument |Qualitative Asgegemant (Ses Seotion 3.3.4(4))
Penetration Seal :
29 | Core Differsutial Quelitative Agseasmant (Ses Sactlon 3.3.4(r))
Pressure end Stendby
Liguid Control Lins
30 |CRD Qualitatlvs Asscssment (Ses Section 3.3.4(6))
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Tarble 3-7a

Browns Ferry BOP Piping
RW, Extraction Steam, FW Heater Dralns and Vents, and Condensate

Meximum pipe stress increase;

Temperanirs expansion 55%
" Pressure0%

Fluid Transisats 0%
Maxiraum pipe support loading increase
(due to thermal expansion loading): 5.5%

Table 3-7h
Browns Ferry BOP Piplug CS and RHR
{Outside Containrment)

Maximum pipe sfress increase:

Temperature expansion 14%

Pressurs 0%

Fluid Trensients 0%
Meximum pips suppart loading increase
(due to thermal expansion loading): 14%
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Table 3-7c
Browns Ferry BOP Plping
Mauin Steam Sysfem
(Outside Contalnment)

Maximum pips stress &t EPU:

Termperature expension No change

Pressurs No changs

Fluid Transients Acceptable!
Maxirmum pipe support loeding

BPU (due to thermal expansion loading): No change

EPU (due to fluid transient Joading): Acceptable !
Notas:

1. Percentage increases for the MS piping {outside containment) are aot provided because
the turbine stop valva transient was not praviously analyzed for Browns Ferry.
Therefare, no comparison of the stresses or loads ingluding turbins stop valve load case
can bo made. However, the resulis of the evaluations show that the piping stresses and
the supports meef the accaptance critaria for the EPLF conditions and no modifications are
required for the MS piping gutsids containment.
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Browns Ferry Response to MSIV Closure with Flux Scram
(102% BPU power, 105% core flow, and 1055 psig initial dome pressure)
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Browns Ferry Response t0 Turblne Trip with Bypass Fallure and Finx Scram
(102% BPFU power, 105% core flow, and 1055 paig initial dome pressure)
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4. ENGINEERED BAFETY FEATURES

NURBG-0800, “Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants,” Section 6.1.1, subsection I states, “Engineered safety features (BSF) are provided
in nuclear plants to mitigate the consequenoss of desigu basis or loss-of-coolant accidents.” The
Browna Rerry features evaluated within this section mre designed to (directly) mitigate the
consequences of postulated acoidents, and thus, are classified in the plant URSAR == enginecred
safety featunes,

4.1 CONTAINMENT SYSTEM PERFORMANCE

This section addresses the effect of the EPU on verious aspects of the Browns Pcny containment
syztem performence.

The URBAR provides the contzinment responses to various postulated accidents that velidate the
design bagls for the contalnment. Operation at the EPU RTP causes chenges o some of the
conditlone for the containment enalyses. For example, the short-term DBA LOCA containmant
respange during the reactor blowdown is governed by the blowdown flow rate. This blowdown
flow rate is dependent on the reactor initial thermal-hydraulic conditions, such ag vessel dome
pressure and the mass and energy of the vessel fluid inventory, which change slightly at the EPU
RTP. Also, the Jong-tenm heatup of the suppression pool following & LOCA or a transient is
governed by the ebility of the RHR system fo remove decay heat, Because the decay heat
depends on the initial reactor power leval, the long-term containment response ie affected by
BPU, The containment pressure and ternperature responses have baen reanalyzad, as described
in Section 4.1.1, to demonstrate the Browns Ferry acceptability for operation st EPU RTP.

The enalyses were performed in accordance with Regulatory Guide 1.49 and ELTRI1

(Reference 1) using GE codes end models (References 2 through 5). The GE methods have been

roviewed and approved by the NRC (References 6 ead 7). Confirmafory calculations with the

SHEX code and the NRC-accepted HXEIZ code show a difference of Jess then I°F in peek

suppression pool temperature between the two codes, Therefors, the uss of the SHEX code for

g:cgms Pcsrry complies with the NRC requirements for vse in the EPU analyses presented in
rence 8.

The major difference bstwssn the curreat UFSAR and EPU confainment enalyses ig service
wafer tamperature, which was increased from 92°F to $5°F for all analyses.

The effect of EPU on the containment dynamic loads due to & LOCA or MSRY discharge has
glso been ovaluated as described in Section4.l.2, These loads were previously defined
generically during ths Mark I Containment LTTIP as described in Reference 9 snd accepted by
tha NRC per Refereaces 6 and 7. Plant-specific dynamic loads sre also defined (Reference 10),
and were socepted by the NRC in Reference 11.  The evalustion of the LOCA containment
dynamic lopds s based primarily on the results of the short-term analysis described in
Section4.1.1.3. The MSRV discharge load evaluation iz based on no changes in the MSRV
opening setpoints for EPU conditions.
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41,1 Containment Pressure and Temperature Response

Ehort-term end long-term containment analyzes results are reported in the URSAR. The short-
term analysis is directed primarily at determining the drywell pressure response during the initiat
blowdown of the reactor vessel inventory to the containment following 8 lerge breek inside the
deywell, The long-term =nalysis is directed primarily at the suppression pool temperature
response, considering the decay haat addition to the suppression pool. The effect of EPU on the
evenis yielding the limiting containment pressure and temperature responses are provided below.,

4.1.1L.1 Long-Term Suppression Pool Ternperature Response

Short-term and long-term conteinment analysis results are reported in the URSAR. The long-
term analysis is directed primarily at the pool tamperaturs response, considering the decay heat
addition to the pool.

(a) BulkPool Temperature

The long-term bulk pool temperature response with EPU wes evaluated for the DBA LOCA.
The analysis wes performed st 102% of EPU RTP, Terble 4-1 compares the calculated pesk
vahies for LOCA bulk pool temperature. The current analyses have boen performed using the
same RHR containment cooling capability nsed in the UFSAR Sestion 14.6.3.3.2.3 analysis (K=
223 BTU/sec-°F/HX), but with a higher service water temperature (95°F varsus 92°F), The BPU
analysis wag performed using a realistic decay heat model (ANS/ANSI 5.1 with 2a uncertaiaty),
similar to the cierent UFSAR enalysie. Benchmark celeulations were mede as requested by the
NRCin Reference 8. The Browns Ferry calculated peak bulk suppression pool temperatures are
provided in Table 4-1 for both 102% of CLTP and 102% of BPU RTP, This comparison shows
that EPU resulte in an increase of 7.7°F in psak bulk suppression pool temparature, basad on
current methodology.

Bassd on the analysis and limit values shown in Table 4-1, the peak bulk pool temperature with

"EPU is acceptable from a structural design standpoint,

The containment response used for NPSH evaluations is calculatsd using Browns Ferry specific
inputs ro maximize suppression pool temperature and minimize containment pressure, similar to the
DBA-LOCA analysis using the samme methodology. The suppression pool femperture and
corresponding wetwell pressure for the ghort-term and long-term NPSH containment analyses are
used in the svaluation of the available NPSH for the CS and the RHR purmps. The results of that
evaluation are provided in Section 4.2.5.

(b) Local Pool Temperahire with MSRV Discharpe

The Iocal pool temperature limit for MSRYV discharpe is epecified in NUREG-0783, because of
concerns resulting from unstable condensation observed at high pool temperatures in plants without
quenchers. The MSRYV discharpe quenchery at Browns Ferry ace gliphtly balow the elavation of the
ECCS suction line penetration, The peek local suppeession pool temperature &t Browns Renry hes
been evaluated for EPU and meets the NUREG-0783 criteria. Therefore, the peak local suppression
pool temperature &t Browns Fermry is acceptable for EPU conditions.
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However, it is necessary to ensure fhat steam ingestion in the ECCS suction line iz not of concem
during steam MSRV discharge st high suppression pool temperahire becauss the top of the BOCS
suction mirainers at Browns Ferry are locsted sbove the T-quenchers, Per Reference 12, TVA
eddressed ECCS suction separation. TVA evaluated the phrysicel configuration of the suppression
pool, MSRV T-Quenchers, and BCCS suction strainers utilizing the information conteined in
NBDO-30832 (Referencs 13), the NRC SER and the associated Brookhaven teport. Based on this
evetuation, the BCCS suction pipmg wounld not ingest steam bubbles that could later collapse and
induce water hammer loads. These conclusions remain valid for the EFU conditions,

41,12 Short-Term Gas Temperature Response

The drywell aitspace tempereture limit i specified in Table 4-1, This limit i¢ based on & bounding
enalysis of the supecheated gas femperature reached during the steam blowdown to the drywell
during & LOCA. The changes in the reactor vessel conditions at EPU increass the expected peak
drywell gas temperatire following 8 LOCA by [°F. Therefors, the drywell gas temperafure
response with EPU does not exceed the limit.

Short-term containment response analyses for DBA-LOCA demonstrate that operation at EPU RTP
does not regult in excoeding the containment design limifs. These enelyses caver the blowdown
period when the maxinmm drywell airspace temperature occurs. The enalyses were performed at
102% of BPU RTP, using the methads reviewed and accepted by the NRC dwring the Mazk I
Containment LTTIP. The calculated peak drywell airspace temperatures are provided in Table 4-1,
Teble 4-1 also shows the values from caloulations st CLTP using the same methods, Ths tofal time
that the drywell alrspace temperature exceeds the contatnment structiral design basis temperature of
281°F is less than one minute. This short duration is not sufficient for the average shell temperature
to exceed the containment structural design temperature.

The wetwell ges spacs peak temperature response is calculated sssuming thermal equilibrium
between the pool and weiwell gas space for the short-tem confainment response, Table 4-1 shows
thet the calculated bulk pool temaperature increases slightly at the EPU condifions. Therefore, the
wetwoll pas space increases by the same amount, The short-tecm wotwell gas space temperatures at
the EPU conditions are below fhe guppression chamber the design temperetures. Therefore, the
short-term wetwell gaa temperature responses at EPU &re acceptable.

4.1.1.3 Short-Term Containment Pressnre Respunge

Short-term containment response analyses were performed for the limiting DBA LOCA, which
assumer & double-ended guillotine break of & recirculation suction line, to demonstrate that EPU
does not regult in exceading the containrment design limite. The short-terma enalyvis covers the
blowdown period during which the maximum drywell pressures and differentinl pressures
between the drywell and wetwell ocour. These enalyses were performed at 102% of BPU RTP,
using methods reviewed and accepted by the NRC during the Mark I Contaioment LTTIP with
the break flow calculated using & more detailed RPV model (Reference S) previously approved
by the NRC. The results of these short-ferm analyses are summarized in Table 4.1 for
comparison 1o the drywell design pressure. As shown by these results, the maximum drywell
pragsure values at the EPU couditions are bounded by the URSAR analysis value and by the
design pressure.
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4,12 Confalnment Dynamic Loads
4121 Lots-of-Coolant Accldent Loads

The LOCA confainment dynamic loads smalysis for BPU is based primarily on the short-term
- LOCA =znelyses. These analyses were performed as described in Section4.1,1.3, using the
Mark] Containment LTTIP method, except that the break flow was caloulated using a more
detailed RPV mods] (Reference S). The epplication ofthis rmodel 1o EPU containment
evaluations is fdentified in BLTRI. These analybes provids caloufated valuss for the controlling
parameters for the dynamic loads throughout the blowdown. The key parameters ars drywell
end wetwell pressice, vent flow rates and supprossion pool temperature. The LOCA dynamic
loads for EPU include pool swell, CO, rad chugging loads. For Mark 1 plants like the Browns
Ferry units, the vent thrust londs are elso evaluated,

The short-teem coutainment rasponsge conditions with EPU sre within the range of test conditions
used to define the pool swell and CO loads for Browns Ferry, The peak drywell pressure from
these enalyses is given in Table 4-1. The long-term response conditions et EPU conditions when
chugging would cccur are within the conditions used to define the chugging loads. The vent
thrust loads at EPU conditions are calculated to be less than the plant-specific values caleulated
during the Mark I Containment LTTIP. Therefore, the LOCA dynamic loads are not affacted by
EPUL ) .

4.1.2.2 Main Steam Rellef Valve Loads

The MSRV rir-clearing loads include MBRVDL Joads, suppression pool boundary pressure
loads, end drag loads on submerged structures. These loads ere influenced by MSRYV opening
gotpoint pressure, the initial water log in the MSRVDL, MSRVDL geonetry, and suppression
pool geometry. For the first MSRV actuations following en event imvolving RPV pressurization,
the controlling parametric change intraduced by EPU, which can affect the MSRV loads is an
increase in MSRYV opening setpoint pressure. However, this EPU does not include g increase in
the MSRV opening setpoint pressures. BPU may reduce the time between subsequent MSRV
actuations, which may affect the load definition for subsequent actuations.

The MSRY opening load veluss, which are the basis for the MSRVDL loads and the MSRY foads
oa the suppression pool boundary and submerged structures ace not changed. The effect of EPU on
the load definitlon for subssquent MSRV astuations kas been eveluated, The load definition for
subsequent MSRYV actuations s not affected becauss tha MSRVDL reflood height nsed for Browns
Ferry is the maximum reflood height (Refereace 10), which g cotitrolled by thsa MERVDL geomatry
and the MSRVDL veenum breaker cepacity, Becauss all these paramsters, including the MSRV
setpoints, do not change, loads due to subsequent MSRV actuations are not affected by BPU.,
Therefore, EPU does not affect the MSRV oads or loads dafinitions.

4.123 Subcompartment Pressurization

The anoulus pressure load on the biological shield wall due to a poshulated break in B 4+inch jet
pump instrument line nozzle is evaluated et EPU oconditions. The annulus pressure load
(2.4 psid) eveluated in UFSAR Section 12.2.2.6 (st [02%4 of CLTF) remains bounding compared
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to the 102% of EPU ennulus pressure load of 2.3 psid for normal FW temperatures. For FRWTR
8t 102% of BEPU conditions, the annulus pressure load {3 2.6 psid. The biological shield wall snd
component designs remain adequate, becruse there is substantial margin to the sfructural design
value of 19 psid.

4,13 Contalnment Isolation

The system designs for containment isclation are not affected by EPU. The capabilities of
isolation mctustion devices fo perform during normnal operaticns and under post-sccident
conditions have been determined to be acceptable. Tharefore, the Browns Ferry containment
igolation capabilities are not adversely effected by the EPU,

The AOV and SOV parameters (temperature, pressure, flow) were reviewed acd no changes to
the functional requiremsnts of any AOV/SOV were identified as 2 result of opetating et ERU
conditions.

Operation at the EPU conditions is within the pressure and temperature capabilities of the AOVs
and SOVs. Thersfore, the AOVs and 8QVs ramain capable of parforming their design basis
function. N

414 Generic Letier §5-10 Program

Ths MOV process paramefers (temperature, pressure, flow) were reviewed end no significant
changes to the finctions] requirements of the GL 89%-10 MOVE were identified as & resulf of
operating at EPU conditions.

Opermtion at the BPU conditions increases post-zecident room temperatures (< 10°F) whare the
MOVs are located, Operation at the increased EPU conditions is within the pressure and
ambieat temperature capability of the GL §$-10 MOVs. Therefore, the GL §9-10 MOVs remain
capeble of performing their design basis furctions.

4185 Generic Lefter 8%-16

In response to Geaerio Letter 89-16, Browns Ferry installed 8 HWWYV gystemn.  The current
design of the HWWV was based on 1.05%% of 3293 MWt (OLTP). Therefore, st the EPU RTP
conditions, the existing HWWYV exbausta a smaller percentage of RTP. Beased on the es-built
design, the HWWV would exhaudt approximately 0.88% RTP at 3952 MWt (BPL RTP) and is
designed to bs operational during g SBO.

The primary objectiva of the hardensd wetwall vent is to precluds primery containment failure
due to overpressurization, given a loss of decay heat removal ('I‘W gequence) event. Using the
ANSI/ANS-5.1-1979 decay heat (nommnl) curve, 0.88% RTP is reached at approximately
5.6 hours. From EPU conditions, the containmtent pressure at 5,6 hours s 46.4 psig, which 1s
below the containment design pressure end primary containment pressure limit of 56 psig. At
the EPU condifions, decay heat will be below the relieving capeacity of the hardened wetwell vent
before containment pressure reaches the design pressure limit, therefore, the existing HWWV
meets the intent of Generic Letter §9-16 for EPU conditions.
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4.16 GenericLefter 9507

MOV used es contzinment or HELB isoletion valves have been reviewed for the effects of
operetions at EPU conditions, including therma! binding snd pressure locking (Generic
Letter 95-07). The operability of MOVs is documented as part of the plant GL 89-10 program.

4.1.7 Generlc Leiter 96-06

The Browns Ferry eveluations for Generic Letter 9606, “Assurance of Equipment Operability
and Containment Integrity During Deslgn-Basis Accident Conditions, " were socomplished using
ths perk drywell temperature (336°F) for a MSLB inside contsinment. The equipment and
ceataioment remain within their design allowebles for EPU conditions.

42 EMERGENCY CORE COOLING SYSTEMS

Bech ECCS is discussed in the following subsections. The effect on the functions] capability of
each system dus to EPU is addressed. The BCCS performance evaluation is contained in
Section 4.3,

42.1 MHigh Pressure Coolant Injection System

The HPCI system is designed to pump water info the reactor vessel over & wide range of
operating pressures. The primary purpose of the HPCI is fo maintain resctor vessel coolant
tnventory in the event of a small break LOCA that does not immediately depressurize the reactor
vesgel. In this event, the HPCI system maintaing reactor water level and helps depressurize the
reactor vessal. The edequacy of the HPCI system is demonstrated in Section 4.3,

1t

J1 the HPCl pump and twbine remein within
their nllawable operating eavelopes, the HPCI system is capable of delivering its design injeoction
flow rate, end the turbine has the capacity to develop the reqoired horsepower mad speed.
Therefore, the HPCI system is acceptable for EPU.

422 Low Pressure Coolant Injection

The LPCI mode of the RHR system is automatically initisted in the svent of a LOCA. When
operating in conjunction with other ECCS, the LPCI mode provides adequate core cooling for
LOCA events.

The increase in decay heat due to EPU could incresse fhe calculated PCT following e postulated
LOCA by & small amount. The BCCS performance evaluation presented in Section 4.3
dernonstrates that the existing LPCI mode performance capsbility, in conjunction with the other
ECCS, is adequate to 1meet the post-LOCA core cooling requirement for EPU RTP conditions.

I
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1

4.2,3 Core Spray System

The CS rystem is sutomatically initiated in the event of 8 LOCA. When operating in
conjunction with other ECCS, the CS syatem provides adequete core cooling for LOCA eveats,
There i# 5o change in the reactor pressures at which the CS systern is required to operate,

The increase in decay heat due to BPU could increase the calenlated PCT following & postulated
LOCA by a small amount, The BCCS performance evaluation presented in Section 4.3
damonstrates that the existing CS system performancs capebility, in conjunction with the other
BCCS as required, is adequate to meet the post-LOCA core cooling requirement for the BPU
conditions. [[

1l
424 Automatic Depressurization System

The ADS evaluation scope {s provided in Section 5.6.8 of ELTRI.

The ADS uses MSRV# 1o reduoe reastor pressure following # small breek LOCA, when it is
assumed that the high-pressure ECCS has failed, This function ellows LPCI and CS to imject
coolant into the vessel. Plant design requires 8 minimum flow capacity for the MSRVa and that
ADS initiates following confinnatory signals end sssociated time delay(s). The required flow
cepacity and ability to initiate ADS on appropriate signals are not affscted by BPU, The ADS
initiation logic and ADS valve control [[ 1] are sdequate for EPU
conditions,

4.2.8 ECCS Net Poslttve Suction Head

Following 8 LOCA, the RHR and CS pumps operate to provide the required core snd
contalnment cooling. Adequate margin (NPSH evailable minus NPSH required) is required
during this period to ensure the sasential purap operation. ‘The limiting NPSH conditions oocur
during either short-term or long-tarm post-LOCA pump operation and depend on the tote! pump
flow ratss, debris loading on the suction strainers, and suppression pool temperature.

TYA previously requested containment overpressure oredit for Browns Ferry Units 2 and 3
(Referenoe 16). In Reference 16, TVA indicated that the need for containment averprsssure
crodit in the short term was based on RHR requirements, and in the long term was based on CS
requirements. The pre-EPU analysis indicates that up fo 3 psi of overpressurs cradit
(consldering whole number value) is required for the short-term case for RHR pump opsration to
maintain adequats NPSH. One (1) pst of overpressure credit is currently required and approved
for the long-term cass for CS pump adequate NPSH.

For both the pre-EPU end the EPU analyzes, s maximized suppression pool temperature end &
minimized confainmeat pressure were assumed. EPU RTP operution increases the reactor decay
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heat, which increases the heat addition to the suppression pool following # LOCA. Therefore,
changes in vapor pressure corresponding to the increase in suppression pool temperatures affect
the NPSH margin, After 10 minutes, operation of the RHR pumpe for contsinment cooling in
the containment spray mods with continued operation of a CS loop for ECCS injection is also
assumed.

The NPSH margins ware calculated besed on conservetively assuming RHR maximnm flow
rates and CS design flow rates during the short-term, and RHR and C8 design flow rates during
the long-term. The system flow rates for the short-term case are 42,000 gpm total RHR flow and
12,500 gpm total CS flow. The system flow rates for the long-term case are 13,000 gpm tota!
RHER flow and 6,250 gpm totsl C5 flow. The methodology used to determine the amount of
debris generated and transported to the ECCS streiners in generally based on NEDO-32686, the
BWROG Utility Resolntion Guidance for ECCS Suction Strainer Blockage. The minimum
quantity of print chips recommended by this guidence is 85 Tbs, Browns Ferry has jdentified
waximum purface srea of 157 for unqualificd costings within the primary confainment which
represents an additionsl 18 1bs. Therefors, a total of 103 1bs of strainer paint dehris was used for
sizing the strainars. This quantify did not change with EFU). Because the ECCS pump flaw rates
were unchanged for EPU, strainer approach velocities were not affected. Therefore, the debris
loading on the suction strainers for BPU is the same a5 the pre-EPU condition. The assumptions
in the BCCS NPSH calculations for friction loss, static head, strainer loss, flow, and NPSH
required heve not been changed since the issuence of the amzndment related to NRC GL 97.04
(Reference 15).

The short-term EPUJ NPSH analysis (0 to 600 seconds) indicates that with a containment
overpressure (suppression chambet air space pressure) credit of 3 psi the RHR pumps have
adequate NPSH margin, The short-term analysis alsa indicetes that greater then 3 psi of
overprossure is available from the beginning of the event until epproximeately 350 seconds. From
350 seconds to 600 seconds, the short-term analysis (using inputs that conservatively maximized
suppression pool temperature sad minimized containment pressure) indicates an aveilable
overpressure of less than 3 psig. For the brief time that the short-term analysis indicates that Iesa
than 3 psi is available, the RHR pumps only require 2.5 psi. In addition, historical plant testing
has demonstrated that the RHR pumps are capable of operating for short pariods of tims at
NPSH wvalues less than (epproximately 9 feef) the manufacturer’s required NPSH without
degradation or substantis] loss of flow, Thetefore, RHR pump operation is not adversely
affected by containment prossure less than 3 psi. This wag previously presented for pre-EPU
conditions and spproved by the NRC in Reference 15. In Referance 15, the NRC stated that “the
use of 3 psi of conteinmment overpressute ebove the initial sirspace pressure is scceptabls for the
first 10 minutes after e LOCA.” Reference 15 also concludes that CS pump operation is not
affected by this lower contsinment overpressure during the short term.

The long-term EPU NPSH analysis (0 until the end of the event) indicates that up to 2 psi
{considering whole number value) containmsnt overpressure credit is required when the
suppression pool temperature exceeds 181°F to obtain adequate NPSH margin for the long-term
operation of the CS pumnps. This is an increase from the 1 psi of overpressure credit currently
approved for pre-EPU conditions. The long-term analysis demonstrates that greater than £ psi of
containment overpressure is available during this period.

4.3
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Tables 4-2 and 4.3 provide the results of the short-term and long-term containment response,
Table 4-4 provides the suppression pool temperature and the required contalnment overpressure
to maintain NPSH marging during the DBA LOCA for BPU conditions.

Based on the ebove, Browns Ferry is requesting spproval of 3 psi of overpressure credit to meet
both the shorf-term end Jong-term NPSH requirements. A single containment overpressure
credit value is requested both to eccount for potential future coutingencies and o provide
consistency between the inputs to the short~ and Iongsterm snalyses Other means to increase the
NPSH margin weee found nnfeasible.

Onz RHR pump is required to operate during either the SBO or an Appendix R fire event. EPU
RTP operetion increases the reactor decey heat, which increases the heat addition to the
suppression pool following these events (ses Sections 6.7.1 and 9.3.2), As a result, the long-
term peek suppression pool water femperaturs and peek containment pressure increase. Tha
NPSH evzluation st these peak paol temperatures shows adequate NPSH margins during the
SBO and the Appendix R events with containment overpressures of 1 psl and 10 ps,
respectively.

The HPCI system primary fonction is to provide reactor inventory makeup water and assist in
depressurizing the reactor during an intarmediats or small break LOCA. The HPCI system can
operats with suction from the suppression pool at & temperature below 140°F during the first 10
minutes sfter initiation of the event. EPU has sn insignificant #ffect on the tims for the
suppression pool temperature to reach 140°F, If the HPCI pump operates beyond the first 10
minutes following the event, the reactor operator may terminate HPCI pump operation when the
suppression pool temperature reaches 140°F, The HPCI pump NPSH margin remzins edequate
as long as the suppression pool teraperature does not exceed 140°F during HPCI operation.

~ HPCI system operation is credited during ATWS, Appendix R, and SBO events. The
suppression pool tempserature docs not affect the NPSH margin, because the HPCI pump takes
suction from the CST during these events.

43 EMERGENCY CORE COOLING SYSTEM PERFORMANCE.

The Browns Feny ECCS for each unit is designed to provide protection sgainst postulated
LOCAs - ceused by ruphures in ths primary eystem piping, end the ECCS performance
characteristics do not change for EPU. The ECCS-LOCA petformance anslysis dsmonstrates
that 10 CEFR 50.46 requirements continue to be met following BPU operating conditions,

Il
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The BPU effect on PCT for small recirculation Jime breaks is larger than the BPU effect on PCT
for Iarge line breaks. The increased decay heat associated with EPU results in & Jonger ADS
blowdown time Jeading to 2 later ECCS systetn injection and & higher PCT for the small break
1LOCA., Asaresult, tha limiting LOCA case thet defines the Browns Ferry Licensing Basis PCT
at EPU for GE14 fuel is a small recirculation dischargs lins break with Batiary failure. .

The effects on compliance with the other scoeptance criteria of 10 CFR 50.46 for the limiting
large and smell breaks are evaluated for the Browns Ferry BEPU. For power uprates, there is &
negligible effect on complience with the other ecceptance criteria of 10 CFR 50.46 (local
cladding oxldation, core-wide metal-water reaction, coolable geometry and Jong-term cooling).
The local cladding oxidation and core-wide metal-water reaction were calculated and determinad
to be within the 10 CFR 50.46 acceptance criterie. Coolable geometry and lang-ferm cooling
have been dispositioned generioally for BWRs. These genetie dispositions ere not siffected by
EPU.

The Licensing Basis PCT is determined based on the celeulated Appendix K PCT 3t rated core
flow with an adder fo account for uncectainties, For the EPU, the GBI3 Licensing Basis PCT is
1780°F at rated core flow. The comparable GB13 Licensing Basis PCT for the CLTP conditions
is 1810°F at rated coro flow. For the EPU, the GB14 Licensing Baais PCT is 1830°F at rated
cors flow. The comparable GE14 Licensing Bagis PCT for the CLTP conditions is 1760°F at
rated core flow, At EPU conditions, the limiting break size ig the large break for GE13 and the
0.06 £ small break for GE14. The results of these analysea are provided in Teble 4.5, The
changes in PCT are small when compared to the PCT margin to the 10 CFR 50.46 licensing limit
of 2200°R,

Raference 17 providss justification for the elimination of the 1600°F Upper Bound PCT limit
axd gensric justification that the Licensing Basis PCT will be conservative with respect to the
Upper Bound PCT, The NRC SER in Reference 18 accepted this pasition by noting that becanse
plant-specific Upper Bound PCT caleulations have been performad for all plants, other means
may be used to demonstrate compliance with the original SER limitations, Thess other means
are accepiable provided thers are no significant changes to & plant’s configuration that would
invalidats ths existing Upper Bound PCT calculations, The changes in magnituds of the PCT
due to EPU demonstrate that this plant configuration does not invelidats the existing Upper
Bound PCT calculation. After the implementation of EPU, the Licensing Basis PCT will

continue to bound the Upper Bound PCT., Thersfore, the Liceasing Basis PCT is sufficiently
conservative,

Ror SLO, e multiplier is applied to the Two-Loop Operation PLHGR and MAPLHGR fimits.
This multiplier insures that the Two-Joop Upper Bound PCT is also bounding for the SLO case.
The SLO PCT values remain well below the 2200°F limit.

4.4 MAIN CONTROL ROOM ATMOSPHERE CONTROL SYSTEM

The CREVS procesees outsids gir needed to provide ventilation and pressurization of the CRHZ
during accident conditions. The CREVS units are started and the CRHZ is isolated on receipt of

4.10




.NEDO-JSM‘? -Revidlon |

& primary containment isolation signal or high radiation signal in the Control Building intaks
duot. When the CRHZ i isolatad, & fixed emount of outside nir is fitered.

TVA has submitted & request for an emendment to the plent-operating license that supports the
full soope impleraentation of an AST for Units 1, 2 and 3 (Reference 17). The TVA request
includes the radiological dose consequences for the design bases accidents and includes the
CREVS operatione] paramsters at BPU conditions.

45 STANDBY GAS TREATMENT SYSTEM

The SGTS is designed to meintain secondary containment a4 » negative pressure and to filter the
exhaust air for removal of fission products potentially present during abnormal conditions. By
limiting the release of airborne particulates and halogens, the SGTS Jimite off-sits end control
room dose following & postulated desige basis accident. -~

TVA has submitted a request for an amendment to the plant-operating license that supporta the
full scope implemantation of en AST for Units 1, 2, and 3 (Reference 19), The TVA request
includss the radiological dose consequences for the design bases accidents and includes the
SGTS operational parameters at EPU conditions,

4.6 MAIN STEAM ISOLATION VALVE LEAKAGE CONTROL SYSTEM
Browns Ferry does not use e MSIV-LCS

47 POST-LOCA COMRBUSTIBLE GAS CONTROL

The Combustible Gas Control System is designed to maintein the post-LOCA oconceuntration of
oxygea or hydrogen in the conteinment atmosphere below the lower flammability limit.

As & result of EPU, the post-LOCA production of hydrogen and oxygen by radiolysis increases
proportionally with power level, This increase in radiotysis hes en ¢ffect on the tims available to
start the systam bafore reaching procedurally controlled limits, but doss not affect the ebility of
the system to maintain oxygen below the lower flammability limit of 5% by volume as specified
in Safety Guide 7. The required start time for the CAD systera decreases from 42 hours to 32
tours a5 & result of EPU, This reduction int required CAD initlation tirne does not effect the
ability of the operatars to respond to the postulated LOCA. The integrated hydrogen production
rates from radiolysis and metal-water reaction are shown i Figure 4-1. Uncontrolled hydragan
and oxygen concentrations in the drywell and wetwell are shown in Rigure 4-2 end the Drywell
Preasure Response to CAD Operation without Venting is shown in Figure 4.3,

The TS require sufficient on-site storage of nitrogen in each of the two 4000-gallon storage tanks
to melntain containment oxygen below 5% during the 7-day period following the postulated
LOCA. For CLTP, this requirement is setisfied by meintaining & miniroum of 2500 gallons of
liquid nitrogen in oach tark, equivalent to & volume of 191,000 scf (20°C and 14.7 paia) per tank.
As g result of increased production rate of radiolytic ges following EPLJ operation, the required
T-day volima of nitrogen increases from 155,000 acf to 197,000 scf, which sxceeds the available
191,000 sof supply required by the TS, An evuluation was petformed to determine the amount

4-11
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needed to maiotain a 4-day supply following the pastulated LOCA. This resulted in a nitrogen
volume of 104,834 scf that is less than the available 191,000 scf supply required by the plant T8,
The TS Bases liquid nitrogen 7-day requirement is conservative, beceuse sdditional liquid
nitrogen can be delivered within one day or less. Two liquid nitrogen distribution facilitics are
located within 1-day travel distance from Brawns Ferry. Each facility is capable of delivering
5000 gellons or more of liquid nitrogen to Browns Ferry with less than 4 days notice. The
historical average delivery time is I day, The TS ure nof changed, however, the TS Bases will
be revised to v 4-day nitrogen stomge requirement to eccommodate EPU operations. The CAD
gystem nitrogen volume requirements are shown in Rigure 4-4.
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Table 4-1
Brawnt Ferry Containment Performance Results

Current Rated Power EPU Limit
UFSAR Current Methnd®

Pmme!g

Peak Drywell 50.6 4779 48,5 56
Pressure (pslg)

Peak Drywell 297.0 294.3% 298.2% 340/281
Temperaturs (°F)®

Peek Bulk Pool 177.0 179.6% 187.3% 281
Temperature (°F)

Peak Wetwell 36.3 29.9 305 56
Pressure (psig)

1. The Cwreat Rated Power, Current Method analysis uses the EPU Power znalysis method
with CLTP inputs. :

2. The acceptanoe limit for drywel) rirspace temperature is 340°F, while the shell design value
ix 281°F. The listed peak values are for airspace temperature,

- 3. Bouading mass end energy release dafa points were zelected for input to M3CPT that more
closely match the LAMB output for the EPU Analyses cases a5 compared to the previous
power uprate, Thig technique results in lower mass and enerpy release to the drywell, which
produces 2 Jower peak drywell pressurs and tamperamure af the game power laval.

4. Service water temperature was increased from 92°F to 95°F,
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Table 4-2

Brovwns Ferry Short-Term Containment Input to NPSH Analysiz
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Table 43

T LI LTI T

R R e e
0 144
99.63 38.45
.197.82 36.34
29776 3435
408 31.00
507 24.43
4,134 19.90
7,105° 20.69
14,682 2099
37,426 20,05
50,180 19.27
416
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Tablk 44
Browns Ferry ERU DBA-LOCA NPSH Margins awd Coutalnneent Overpressure Credjt

A N LAl A § B ST Ay T YWD
RS e o e P AL o v L E R
it T T

4,150 . 17533 0 632 0 Greater than 0 pai of
required for long-texo fox CS
. pamps
7,090 181.85 1 632 0 Greater than 1 psi of overpressute
required fox Jong-term for CS
paps
14,700 1866 190 ' 632 0 Peak Suppression Pool

: : teniperatare
37,500 181.85 1 6.32 0 Less than 1 psi of ovespressure
required for long-term for CS
pumps

[ J
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Parameter
Method

Power

3,

. Licensing Basis

Pazk Clad
Temperature,
(PCT) °F
Cladding
Oxzldation, %%
QOriginal Clad
‘Thickness
Hydrogen
Generation
(Core wide
Metal-Weater
Reaction) %
Cooleble
Geometry

Core Long
Tenn Cooling
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Table 4-5

Browns Ferry ECCS Performance Analysls Results

CLTP

SAFBR/GESTR

105% OLTP

<1810 (GE13)"
<1760 (GE14)M

<20

<0.1

OK

ERU
SAFBR/GESTR

120% OLTP

<1780 (GB13)
<1830 (GE14)

<310

<{1

oK

10 CFR 50,46
Limit

<2200

Meet | and 2, ebove

Core flooded to TAF
or '

Core flooded to jet

pump suction elevation
and at least one CS

system is opernting at
rated flow,

(1) Anupdate of the Licensing Basis PCT et 105% OLTP was calculated for the EPU
- analysis. This allows for comparison with the EPU Licensing Basis PCT results,
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Browns Ferry Time-integrated Contalnment Hydrogen Generation
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Browns Ferry Drywell Pressure Response to CAD Operation without Venting
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Browns Ferry CAD System Nitrogen Volume Requirement
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6. INSTRUMENTATION AND CONTROL

The safety-related end major (non-gafety) process: monitoring instruments, controls and trips
(analytical limits for setpoints) that could be affected by the BPU are addreszed bslow,

The following evaluations are based on the NRC appraved guidelines in Appendix R of ELTR1
(Reference 1),

£1 NSSS MONITORING ANB CONTROL SYSTEMS

The instruments and controls that directly interact with or control the reactor are usually
considered within the NSSS. The NSSS process variables, instcument setpoints and Regulatory
Guide 1.97 instrumentation that could be nffected by the EPU were evalnated. As part of the
EPU implementation, the NRC approved TVA setpoint methodology (Reference 2) is used to
geaerate the allowable velues and (nominal trip) setpaints ralated to the analytical imit changes
ghown in Teble 5-1,

The following suramarizes the results of the NSSS evaluations.

5.1.1 Control Systems Evaluation

Changes in procass variables and their effects on instrument setpoints wers evaluated for the
EPU operation to dstermine any related changes. Process vanahle changes ars implemantad
through changes in plant procedures.

TS instrument AVe and/or getpoints are those senged variables, which initiate protective actions.
The determination of instrument AVs and setpoints i3 based on plant operating sxparience and
the conservative ALs used in specific licensing safety enalyses. The settings are selected with
sufficiant marpin {0 preclude inadvartent initiation of ths protective action, while assuring that
adequate operating margin is maintained between the system settings and the actual limits.

Incresses in the vore thermal power end steam flow affect some jnsfrument setpoints, as
described in Section 5.3. These setpoints were adjusted to maintain comparable differences
between system settings and actual limits, and were reviawed to assure that edequate operstional
flexibility and necessary safety functions are meintained et the EPU RTP level.

5,12 Neutron Monttoring Bystem

The APRM power signals are rescaled to the EPU RTP level, such that the indicatione reed
100% atthe new licensed power level,

EPU implementation haa little effect on the {RM overlap with the SRM end the APRMs. Using
normal plant surveillance procedures, the IRMs may be adjusted, s required, so that overlap
with the SRMs and APRMs remains adequate. No obange is noeded in the APRM downscale
sefting,

At EPU RTP, the average flux experienced by the detectors increases due to the average power
increase in the core. The maximum flux experienced by an LPRM rernains approximately the same
because the peak bundle powers do not appreciebly increase. Due to the mewzase in neutron flux
experienced by the LPRMs and TIPs, the neutronic life of the LPRM detectors may be reduced and
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rediation levels of the TIPs may be increased, LPRM) are designed ss replaceable components.
The LPRM eooursoy &t the inceeased flux is within epecified limits, and LPRM lifefime is an
operational consideration thet is handled by routine replacernent. TIPs are stored in shislded rooms,
A small increase in redistion Ievels is aocommodated by the radistion protaction program for normal
plant operation.

Ths increase in power lsvel at the same APRM reference levs] results in increased flux at the
LPRMe that are uged s inputs fo the RBM. The RBM instumentation is referenced to rn
APRM chennel. Because the APRM has been resceled, there is only & small effect on the RBM
peorformanse dus o the LPRM performance at the higher average local flax. The change in
performance dose not have a significant effect on the averall RBM performance.

The Neutron Monitoring Systems installed at Browns Ferry ore in eccordance with the
roquirements esteblished by the GE dssign spacifications,

813 Red Worth Minimizer

The RWM is e normel operating system that does not perform & safefy-related function. The
function of the RWM is to support the operstor by enforcing rod pattemns until reactor power hes
reached appropriate levels, ([

] The
power~dependent instrument setpoints for the RWM are included in the TS (see Section 5.3.12).

[
1

5.2 BOP MONITORING AND CONTROL SYSTEMS

Operetion of tho plant at ths EPU RTP level hes minimal effect on the BOP system
instrumentation end control devices. Based on the EPU operating conditions for the power
conversion and auxiliary systems, most prooess comtral valuee and instrumentation have
sufficient range/edjustment capability for use af the expected EPU conditions, However, some
(non-safety) modifications may be needed to the power converslon systems to cbtain full BPU
RTP,

5.2.1 Pressurs Control Systemn

The PCS is e porms] operating systera that provides fast and stable respanses to system
disfurbances rolated to steam pressure and flow changes 50 that reastor pressure js conftrolled
within its normal operating range. This system does not perform 2 asfety function. Pressure
control opemtiona! testing iy included in the EPU implementation plan as described in Section
10.4 to ensure that adequate turbine contro! valve presyute control and flow mergin is eveilable.
[t 1
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5.2,1,1 EHC Turbine Control System

The turbins EHC system was reviewed for the increase in core therme! power and the assooiated
increase in rated steam flow. The control Eystems are expected %o perform normally for BPU
RTP operation, '

No modifications to the furbine control valves or the turbine bypass valves ace required for
operation et the BPU conditions. Confirmation testing will be performed during power
ascension (soe Section 10.4),

5.2.1.2 Turbine Steam Bypass System

The Turbine Steam Bypass System is & normal operating system that is used to bypass excessive
steam flow. The bypass flow cepacity is included in some AOCO cveluations (Section 9.1),
These evaluations demonstrate the adequacy of the bypasy system. Some of the limiting events
in the reload snalyses take credit for the availability of the bypass system. The reload analyses
ere used to establish the core operating limits.

$.2.2 Feedwater Coutrot System

The FW control sysfem controls seactor water level during normal operations. (The capacity of
the FW pumps to adequately support BPU RTP operation is discussed in Section 7.4.) The
minimum excess flow capagity requirsment for edequats reactor water level control is
epproximately 5% of the operating point flow rate. The control signal range is capable of
Becossing Bs much of the flow as needed. Therefore, the capecity is sufficient for acceptable
control, :

The control system itself is adjusted to provide acoeptable operating response on the basis of unit
behavior, It will be set up to cover the current power ranges using startup and periodio festing.
An expansion of the steam flow signal range (part of the three-slsment control mods) is planned
to easure full coatrol near the EPU RTP event with one MSIV cloeed. No changes in the
opereting water Jevel or water leve] trip setpoints are required for the EPU; thetefore, margin for
trip avoidancs is maintained. Ror BPU, the FW flow control system device settings have the
sufficient adjustment ranges fo ensure satisfactory aperation. However, this will be confirmed
by performing unit tests during the power ascension to the EPU conditions (Section 10.4),
i
)
Feilure of this system 19 evalusted [[ © M with the FW

controller failure-maximum demand event. An LOFW transient event can be cansed by downscale

frilure of the controls. The LOFW event is discussed in Section 9.1.3.

523 Leak Detection System

The only effect on the LDS due to EPU is a slight increase in the FW ternperaturo and steam flow,
(

1] The increased FW temperature results in & gmall

53
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increase in the MS tunnel tempereture (< I'F). [[

1] MSL high flow
ig discusezd in Section §.3.4.

£3 INSTRUMENT SETPOINTS

TS instrument AVs and thejr associsted NTSPs are provided for thoss sensed variables that
initiate protective ections and are penerally sasociated with the safety analysis. TS AVs are
Lighly dependent on the rasults of the safety analyses. The safety analysis generally ostablishes
the ALs. The determinetion of the TS AVs ead fhe NTSPs includes consideration of
measurement uncertaintiss and is derived from the ALs, The settings are selected with sufficient
margin to minimize inadvertent initlation of the protective action, while assuring that adequate
operating margin is maintained between the system settings and the actual limits. There is
wmergin in the safefy analysis process that is considered in esmhhshmg the setpoint process used
to establish the TS AV and setpoinfs,

Increases in the cors thermal power, FW flow, rad sfeam flow affect some instrument setpoints.
These sotpoints are adjusted to maintain comparable diffarences batwaen system settings and
actual limits, and are reviewsd fo ensure that adequate operational flexibility and necessary
safety functions are maintained at the EPU RTP level. Wheroe the power increase results in new
instrumoents boing employed, sa appropriafs seipoint calculation is performed and TS changes
ere irnplemented, 85 required.

All TS instruments were evaluated Tor effects frors BPU using the existing TVA setpoint -
methodology (Refatence 2). This methodology is consistent with NRC Regulatory Guide 1.105,
end has besn previously reviewed by the NRC., This evaluation included & review of
environmentel (i.e., radiation and temperature) affects, process (i.e., measured paramstsr) effacts
and analytical (i.e., AL and margins) effects om ths subjoct instruments.

The instrument function AL is the valus used in the safety analyses to demonsirate aooeptable
nuclear safety systemn pecformance is maintained. The AV and NTSP ere then chosern/calculated
such that the instrument functions before eaching the AL under the worsi-case
environmental/event conditions.  Instrument NTSPs account for messurable instrument
characteristics (e.g., drift, sccuracy, repeatability).

Teble 5-1 summarizes the current and BPU Als.
14
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531 High-Presiure Scram

During & pressure jncreass transient that is not terminated by a direct scram or high neutron flux
scram, the high-presaure screm ferminates the event. The reactor vessel high-pressure sctam
gignal settings are maintained glightly above the reactor vessel maximum normel opereting
pressure and below ths specified AL. Tho setting permits norroal operation without spurious
soram, yot provides sdequate margin to the maximum allowzble reactor vessel preswure.

i
1

5.3.2 High-Pressure ATWS Recirculation Pump Trip

The ATWS-RPT trips ths recirculation pumps during plant transients Bssocisted with increases
in reactor vessel dome pressure and/or low reactor water level. The ATWS-RPT is degigned fo
provide negative reactivity by reducing core flow duting the initial part of an ATWS, The
ATWS-RPT bhigh-pressure sefpoint is a significant factor in the analysis of the peak reactor
vessel pressute from an ATWS event. The ATWS-RPT low reactar water level setpoint is nat a
significant factor for the Umiting ATWS events. The low reactor water Jevel setpoint is not
nffected by BPU,

The mejor consideration for the ATWS-RPT high-pressure setpoint is Bn increase in the
calenlated peak vessel pressure during 2 hypothetical ATWS event, because of the higher initial
power. The ourrent ATWS-RPT high-pressure setpoint was included in the ATWS evaluation
discussed in Section 9.3.1, This cvaluation concludes that the calenlated peak vessel pressure
remains below its alloweble Limit for an ATWS event. Therefore, the current ATWS-RPT high-
pressure setpoint is accepteble for EPU.

£3.3 Maln Steem Rellefl Valve

Bacause there it no increase in raactor operating dome pressurs, tha setpoints for the MSRVs are
not increased. Thus ALs for setpoints do not need to be updated. The current values were used
in the overpressure protection and transicnt analyses discussed in Sections 3.2 and 9.1,

534 Malo Steam High Flow Isolation

The MSL bhigh flow isclation is used to initiate ths isolation of the Gtoup 1 primary containment
isolation valves. The only safety analysis event that credits this trip is the MSLB accident. For
this accident, thers is & diverss trip fram high area temperature. There is sufficient macgin to
choke flow, 5o the AL for BPU is mainteined at the current 144 poroent of sated steam flow in
each MSL.

No new instrurmentation is required because the existing instrumentation has the required upper
renge limit to re-span the instrument loops for the hugher stearn flow conditicn, A new setpoint
Is calculated uging the methodology noted in Section 5.3, and no TS change is required. This
will ensure that suffiolent margin to the trip sefpoint exists to allow for normal plant testing of
the MSIVa end turbine stop and control valves. This approach is consistent with Section F.4.2.5
of BLTR1.

3.3
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53.5 Neutron Monitoring System

The AL for the APRM Neutron Flux Screm remains the same in terms of percent power, and
thus, the percent power values for the TS AV and the NTSP do not chenge.

it

)
For DLO, the clamped AL, AV, end NTSP retain the MELLLA domain values in pexcent RTP.

The SLO AL for the fixad (clemped) APRM scram ie svalusted to be the sams es for DLO.

A new nominel trip setpoint and AV ace caleulatad for the APRM sstdown using Browns Ferry
current design basis methodology. This methodology is based on GE NEDC-31336, which has
been evaluated end accepted by the NRC (Referencs 3).

The severity of rod withdrawal error during powar operation event is dependent upon the RBM
rod block setpoint. This sefpoint is only epplicable to 8 control rod withdmawal error. [

11 The flow
biased RBM is clarnped basad on its power value at 100% core flow and 10095 power. The
RBM setpoints are baged on the ¢ycle-specific RWE transient anslysts, aad thus, ars confirmed
or revised (as nooded) via the reload core design, review and approval process.

The ALs for the above trips are provided in Table 5-1

53.6 Maln Steam Line High Radiation Scram

Browins Perry does not have a MSL rediation Ieve! screm,

53.7 Low Steam Line Pressure MSIVY Closure (RUN Mode)

The purpose of this setpoint is to inifizts MSIV closure on low steam lins pressuce when the
reactor is in the RUN mode. This eefpoint is not chanped for EP1J, ss discussed in
Section F.4.2.7 of ELTRI. .

5.3.8 Reactor Water Level Invtruments

The reactor water level trip values used in the safaty analyses do not requirs changing ss a result
of EPU.

5-6
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539 Main Steam Tunnel High Temperature Iroletion

At EPU conditions, the increass in ambicat temperature is not significant (< I°F), and no change
to the MSL Tunnel High Tetnperature Isclation setpaint is required.

£.3.10 Low Condenser Vacunm
Browns Ferry does not have a low condenset vacuum MSLV isclation or scram trip,
3.3.11 TSV Closnre and TCV Faet Closure Scram Bypass

The TSV closure and TCV fast closure scram bypass allows these scrams to be bypassed, when
reactor power is sufficiently low, such that the scram function is not needed to mitigate s T/G
trip. This power level is the AL for determining the acmal trip setpoint, which cormnes from the
TFSP. The TFSP sofpoint is chosen fo ellow operational margin so that scrams and recirculation
purp trips can be evaided, by transferring steem to the turbine bypass system during T/G trips at
Jow power. .

Based on the guidelines in Section F.4.2.3 of ELTR], te TSV Closure and TCV Fast Closure
Scram Bypase AL is reduced (see Table S-1}. [{

* 1] The new AL is based on a reector steam flow
within approximately 1% of the original steam flow. Due to changes to the turbine, a new first
stage pressurs setpoint will be dstermined.

EPU results in an increased power level and the HPT modifications result in a change to the
telationship of turblne flrst-stage pressure to reactor power level, The TESP setpoint is uead to
reduce scrams snd recirculation pump frips at low power levels where the turbine steam bypass
syatem is effective for turbine trips and generator load rejections. In the safely analysis, this trip
bypeass only applics to events at low power levels that result in 8 tutbine trip or load rejection.
Mzintaining the AL at tha seme gbsolute power as for the current seipoint, maintains the same
trensient analysis basis and scram avoidaace range of the bypeass valves.

Becaues the HPT is modified 1o support achisving the uprated level, a new AL (in psig)
corresponding to ths same sbsoluts power as the current AL ig established, Therefore, & new
setpoint 19 caleulated using the methodology ax noted in Saction 3.3, and the TS applicable
condition in percent RTP has been changed. The AV (in psig) for Browns Ferry will be revised
prior to BPU implementation.

To ensure that the new value is appropriate, EPU plant ascension startup test or nomial plant
surveillance will be used to validate that the ectua? plent interlock is cleared consistent with the

safety analysis
£.3.12 Rod Worth Minirlzer

The Rod Worth Minimizer LPSP ig used to bypass the rod pattern constraints established for the
control rod drop accident st greater than a pre-established low power level. The measurement
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pa.rameim‘s are FW and stzam flow, [[

5.3.13 Pressure Regulator

The PCS iz discussed within Section 5.2.1, The PCS provides the means by which the operating
pressure sefpoint of the reactor is eateblished, provides for loading of the main turbine generator
relative to reactor power, and provides for control of the main tiwrbine bypass valves, The PCS
controlling pressurs pignal is reactor pressuse,

The reactor dome pressure is not ohenged for EPU, Howeves, the increased steam flow results in
a somewhat greater steam line pressure loss. Therefore, the pressure regulator operational
* netpoint must be adjust=d to echieve the desired reactor pressure,

The small differences in tuning perameter velues will be reconfirmed during the power ascension
testing. Specific EHC and ateam bypass control system tests will be parformed during the initial
BPU ascension phase, as summarized in Section 10.4,

$3.14 Feedvrater Flow Setpoint for Recirculation Cavitation Protection

The current value of the FW flow setpoint remains unchanged in terms of actual FW flow rats,
because the oavitation interlock requirement is not based on the percentage of rated flow.
However, the.relative setpoint, s it eppears on the power/flow map, is reduced slightly to
account for BPU RTP. This is consistent with Section .4.2.6 of ELTRI,

5.3.15 RCIC Steam Line High Flow Isolation

For EPU, the AL for steam line high flow indications remain based on 300% of the maxinsum
rated steam flow to the RCIC turbjne. Because there is no jncreass in the maximum reactor
prossurc s the result of EPU (based on the upper anatytical pressure for the fowest group of
MBRVs), thers is no change in the RCIC turbine maximum steam flow rate or in the RCIC steam
line high How diffecential pressure values,

5.3.16 HPCI 5team Line High Flow Isclation

For EPU, the AL for the steam ling high flow isolation remains based on 225% of the maximum
ratsd steam flow to the HPCI furbine, Because thers is no increase in the meximum reactor
pressure £8 2 result of BPIJ (based on the upper analytical pressure for the lowest group of
MBSRVs), there is no change in ths HPCI turbine maximum stsam flow rate or in the HPCT steam
line high flow differential progsure vahues, The HPCI eteam line AV for high flow {eolation does
not change.

54 REFERENCES
I. GE Nuclear Energy, “Generic Guidelines for General Electric Boiling Water Reactor

Extended Fower Uprete,” (BLTR1), Licensing Topical Reports NRDC-32424P-A, Clase I
(Proprietary), February 1999; and NEDO-32424, Class I (Non-proprietary), April 1995.
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Table 5-1

Brovns Ferry Analytical Limits For Setpolnts

Analytieal Limits
Parameter Current EPU
APRM Celibration Basis (MW1) 3438 3952
APRM Sinmlaisd Thermal Povrer Scram
DLO Fixed No change
SLO Rixed No change
DLO Flow Blaged (%RTP) & 0.66Wp + 68% - 0.55Wp +67.5%
SLO Rlow Biased (%RTP) {0 O.GGOZEJGAWB 0.55 05‘; Bs- 32“’) +
APRM Neutron Flux Scram ’ No change
APRM Setdown Sceam (%RTP) © 25 | 23
Rod Block Mondtor
DLO Flow Biased (%RTF} "™ 0.66Wg + 64% 0.55Wp + 63.5%
SLO Flow Biased (%RTP) {109 0.660W - AW D.35(Wo AW £
Rod Block Monitar Upscale Function Ranges
Low Power Rangs No Change
Intermediate Power Range Ne Change
1" High Power Range No Change
Typical Low Tyip Setpaimt®® No Changa
Typlcal Intermadiate Telp Setpomnt™” No Change
Typical High Trip Setpolnt® No Changs
Rod Weeth Minimizer No Change
Vezzel High Preagure Scram No Changs
High Pressure ATWS RPT No Change
MSRY Setpoints No Changs’
TSV & TCV Scram Bypass (VRTP) M0 30 26

5-10
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Table 5-1

Browns Ferry Analytical Limits For Setpoints (continued)

Anglytical Limits
Parameter Current EPU
MSL High Flow Isolation i No Change
MSL High Flow Isolation {differential pressurs) 131,7 peld l 196.6 peld
MSL Tunnel Bigh Temparature Isolation No Change
RW Flow Cavitation Interlock Setpoint ] ' "No Change
Low Btzam Line Preasure MSIV Closure (Run Mods) No change
RCIC Steam Line High Flow Isolation No change
HPCI 8team Line High Flow Isolation Mo change

1. No creditis taken in any sriety analysis.

2. Wp 15 % recirculation drive flow where 100% drive flow is that required to rchieve 100% core flow

at 100% power, and AW 18 the difference between the DLO and SLO drive flow at the game core
flow.

3. TS AV provided.
4, Changed on a ¢ycle-specific basls and documented in the COLR.
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6. ELECTRICAL POWER AND AUXILIARY SYSTEMS

61 ACPOWER

The Browns Ferry AC power supplies each include both off-site and on-site power. The on-site
power distribution systam consists of trangformers, buses, snd ewitchgear. AC power to the
distribution Eystem is provided from the fransmission system or from onsite Diese] Generators,
The Browns Ferry EPU plant electrical chamacterietics are shown in Table 6-1,

6.1.1

Off-Site Power System

The existing off-site electricsl equipment was determined to be adequate for nommel operation
with the up rated electrical output as shown in Teble 6-2. The only significant change in
electrical load demand is dus to the replacement with larger rootors for the Condensate Booster
and Condensats Pumps doe to increased flow demend at EFU conditions, The revisw concluded
ths following:

The Main Isolated Phase Bus Duct is to be modified/up-rated to have s continuous
current reting of 56,740 Amperes end an asymmetrical cutrent rating of 346,989 amps to
gupport the Generator cutput st EPU conditions.

The Tap Isolated Phase Bus Duct is to be modified/up-rated to have an asymmetrical
current rating of 602,143 argps to support the Generator oufput at EPU conditions,

The Generator breaker is to be modificd/up-rated to have a continuous current rating .of
36,740 Amperes and an esymmetrical current rating of 204,529 amps fo support the
Generator output at BPU conditions,

The existing main power transformers aud assooiated relaying mre being upgraded as n
material condition iroprovement due to obsolescence, The replacemant fransformears ara
adequats far opacation with the EPU-related clectrical output of the generstor.

Changes will be required to plant operating procedures to prevent automatic transfer to
the 161-kV system when any unit is in backfaed or when any TUSST B is out of service to
avoid overloading any of the 161-%V power supply circuits,

The existing 500-kV switchyard buses, breakers, and switches are adequats for EPU
operations. However, additional breakers and associated releying are being added to
incrense operuting flexibility of the S00-XV switchyard.

The protective relaying for the main generetac, trangformer, and switchyerd is edequate
for the BPU generator cutput. However, relays may be upgraded or added as necessary
1o help ensure grid stability nnder cartain close-in fanlt conditions.

A Transmission Systzns Study has been performed, considering the increase in electrical output,
to demonstrate conformance to General Design Criteria 17 (10 CER 50, Appendix A) and to
enalyze for unit/grid sfability, The study documentad that no additional changes are required for

¢-1
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the Browns Ferry offsite pawer system to continua to meat GDC-17 requiremneats. Anﬁlyscs o
the study mlso determined that operation at EPU electrical outputs will not have e significant
edverss effect on reliability of the offsite electrical system or on the stability of the Browns Ferry
units.

6.1.2 On-site Power Distribution Syrtem

The on-site power distribution system loads wete reviewed undsr normal and emergency
operating scenarios for BPU conditions. Loads were computed based on squipment nameplate
dete or brake horsepower (BHP) as applicable. These loads were used zs mputs for the
computation of load, voliage drop, and short circuit cient values. Operation at the EPU
conditions is achieved for narmal and emergency conditions by operating equipment within the
nameplate rating running kW or eppliceble BHP.

The only significant change in electrical load demand is associated with power generation system
motors for the condensate and condensete booster pumps, These system pumps experience
increzsed flow demand et EFU conditions and will be replaced with higher capacity pumps and
motors. To support these load increasss, modifications ta the onsite electrical system will be
performed prior to EPU operation. Load flow and short circvit caleulations were parformed 1o
verify the edequacy of the on-site AC system for the propesad changes. The existing protective
rolay settings are adequate to accommodate the increased loed on the 4kV power system.
Selective coordination is maintained between ths pump motor breakers ead the 4kV Unit Board
main feeder breakers.

Significant changes to the on-site power analysis include:

o ‘The BHP of the Reactor Recirculetion Pump motors increases 17% for EPU, but remeains
within its motor uprato analysis capability.
o The Recirculation MG sets have been replaced with VFDs. The capebility of e VED i

9000 HP, which is adequats for the axpectad Reactor Recirculation Pump mator lcad of
§550 BHP.

¢ The electrical Joad demand mssociated with power generaton gystem motors for the
condsnsate pumps and condensate booster pumps increass for EPTJ.  These pystem
pumnps experience increased flow demand at EPU conditions and will be replaced with
higher capacity pumps and motors.

EPU conditiony are achisysd by utilizing existing equipment operating at or below the pameplate
rating and within the caloulated BHP for the required pump motars for both normal and
emergency operating conditions.

Units 1 and 2 shere four independent diesel generator units coupled, as an aliemate source of
safety-related poswer, to four independent 4160-VY boards. [[

J] The systems have sufficient
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capacity to support sll required loeds to achieve end maintein safe shutdown conditions end to
operate the BCCS equipment following postulated accidents and transients.

62 DCPOWER

The DC power distribution systew provides control and motive power for various
systems/components within the plant, In normal and emergency operating conditions, foads are
somputed based on equipment nameplate ratings. These loads are used s inputs for the
computation of load, voltege drop, end short cirouit surrent values, The load addition for control
logic relays associated with on site power system chengee are within existing margins.

Operetion at the EPU conditions doas not increase any load beyond nemeplate rating or revise
any component operating duty cycle; therefore, the DC power distribution systern remains
adequate,

63 FUELPOOL

The fuel pool systems consist of storege pools, fuel racks, the FPCC system, and the ADHR
system, The objective of the fuel pool sysiem is to pravide specially desipned undsreater
storege space for the spent fuel assemblies. The objective of the fusl pool systems is to remove
the decay heat from the fuel assemblies and muaintain the fuel pool water within specified
temperature limits,

6.3.1 Fuel Pool Cooling

The Browns Ferry SFP bulk water temperaturs must be maintained below the licensing Jimit of
1S0°F, The limiting condition is a full core discherge with pll remaining storage locations filled
with used fusl from prior discharges. A normal batch offload (approximately 332 fuel bundles)
is nssumed for outage planning with the additional assumptions in either case (batch or full core)
of only one of two traing of the FPOC systern and only one of two trains of the non-safety ADHR
system nveileble, 24-rnonth fuel cyele, ANSVANE 5.11979 + 20, end GE14 fuel. The RHR
system supplemental fuel pool cocling mode smay be used to sugment the capacity of the FPCC
system when the ADHR system is unavaileble. The batch snd full core offload scenarios were

also analyzed with only one of fwo frains of FPCC systerm and one train of RHR in the

supplemental fuel poal cooling mode. The key results of these enslyses ere presented in
Teble 6-3. The temperature requirement ensuras operator comfort (an operational requiremant),
and provides ample marpin apainst an inventory loss in the fuel pool due to evaparation or
boiling.

The EPU SFP beat load is higher than the pre-EPU heat load. The EPU heat loads at the limiting
full core offload condition and the normal batch offload are calculatad and then the bulk pool
temperature is determined to evaluate the FPCC systent adequacy. BPU does not affect the heat
removal capability of the FPCC system, the ADHR system, or the supplemental fuel pool
cooling mods of the RHR system, EPU results in slightly higher core decay heat loads during
refueling. Bach reload affocts the decay heat generation in the SEP after a batch discharge of
fuel from the reactor, The full core offload heat load in the SFP reeches e maximwun

6-3
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immediately after the full core dischazge., Based on the heat load evaluations, the SFP tulk
temperaturs remaina logs than 150°F for either core offload case, and thus, is accsptabla for EPU
conditions.

The SFP normal makeup source is from the Seiemic Category I Condensate Storege mystem,

with ¢ capacity of 100 gpm snd is not affected by BPU and remains adequate for EPU
conditions.

In the unlikely event of & complete Iozs of SFP cooling capebility, Teble 6-3 shows that the SRP
could reach the boiling temperature end produce & maximura boil-off rate of 104 gpm. Two
Seismic Category I emergency makeup sources, the RHR/RHR Service Watar crosstie and the
BECW syetem, each have a makeup oapability of at least 150 gpm.

Prior to each refucling outege, calculations are performed to determine the actual pool heat load
and determine which eguipment must be placed in service to maintein pool temperature,
Administrative contrals are used to ensure that the fucl pool cooling capacity is not excesded
during cote offfoed. Existing plant instrumentation and procedures provide adequate indications
end direotion for maonitoring snd controlling SFP tempersture and level during normal batch -
offloeds and the unexpected cass of the limiting full core offload. Symptom based operating
procedures exist to provide mitigation sfrategies including placing sdditional cooling trains or
systems in service, stopping fuel movement, and initisting make-up if necessary. The sympfom
based entry conditions and mitigation strategies for these procedures do not require changes for
EPU.

6.32 Crud Activity and Corresion Products

The crud in the SFP would increase by approotimately 2%, sssuming that all residual crud in the
RCS is transported to the SFP, This is based on a RWCU system removal efficiency of 90% and
approximately 6% increase in RW flow for EPU. However, the increase {s insignificant, and
SRP water quality is maintained by the FPCC system.

6.3,3 Radintion Levely

The normal radiation levels around the SFP may increase slightly primerily during fuel headling .
operation. Current Browns Rerry radiation procedures and radiation monitoring program would
detact any changes in radiation levels and initiate appropriate actions.

6.3.4 Fuel Rackys

The increased depay heat from the EPU resuMs in a higher heat load in ths fusl pool during Iong-
term sforage. The fuel racks are designed for higher temperatutes (212°F) than the licensing
limit of 150°F. There iz no e(foct an ths design of the fiiel racks becauss the criginal fuel pool
design temperaturs is not exceeded,

6-4
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64 WATERSYSTEMS

The Browns Ferry water systems are designed to provide & relinble supply of cooling water for
narmal operation end design basis socident condifions.

6.4.1 Service Water Systems

The Browns Perry water systems consist of safety-related and nonsafety-relsted service water
systems, the circulating water system end main condenser, and the ultimate heat sink. The
pafety-related service water systems include the BECW system, the RHRSW system, and the
UHS. The non-gafety-related service water systeras include the RBCCW syatem and tha RCW

Bystem,
6.4.1.1 Safety-Related Lords

The safety-related service water systems are designed to provide e relisble supply of cooling
water during and following e design basis accident for the following essential equipment snd
systems:

* RHR HXSs;
» SFP HXs, es needed for supplementa! cooling;
~ »  SFP emergency make-up, if necessary;
» Staadby oore and containment cooling emergency backup, if necessary; eod
» ERCW syztem. .
" The evaluation of the systems performance is givea in the following subsections.

6.4.1.1.1 Emergency Equipment Caoling Water System

The safety-related performance of the EECW system during and following the most demanding
design besis event, the LOCA, for the following equipment and systems is not dependent on RTP:

EDQG Engins Coolers;
RHR Pump Sesl Coolers;
" Diesel Generator Building Chillers;
Blectric Board Room ACU Condensers and Chillers;
Control Bey Chillers;
H; ~ O; Analyzers;
Cortrol Air Compreseors;
RBCCW HXs; and
Unit I squipment eerving as baclap to Unit 2 and Unit 3.
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The diese] generetor loads, RBCCW HXs, control air compressor loads, RHR pump seal loads,
H2.02 Analyzer losds, ead Unit 1 equipment loads serving #¢ backup to Unit 2 and Unit 3
remain unchanged for LOCA conditions following uprated operstion. The building cooling
loads (Area Cooling Units) also remein the same es that for rated operation because the
equipment performance in these wreas has rernained unchanged for post-LOCA conditions. The
RHR rad CS Room Cooler post-LOCA heat loads increase slightly beceuse of room temperature
increasce at EPU conditions {<2°F for RHR rnd < 3°F for C8), but remain within the current
design limits,

The EBCW system is 2 shared systam with the cepacity to supply cooling water all three units.
EPU does not significantly increass equipment cooling water loads, and thus, the capacity of the
EECW systetn remains adequate,

6.4.1.1.2 Residual Heat Removal Service Water System

The containment cooling snafysis in Section 4.1.1 shows that the post-LOCA RHR heat load
incraases due to an increese in the maxirmum suppression pool terpesaturs that ocours foflowing
a LOCA. Tbe post-LOCA contzinment and suppression poo!{ responses have been caloulated
based on o energy balance between the post-LOCA heet loads and the existing heat removal
capacity of the RHR and RHRSW systeme. As discuseed in Sections 3.11 gnd 4.1.1, the existing
suppression pool structure and esscciated equipment have been reviewed for accoptability based
on this increased post-LOCA suppression pool temperature, Therefore, the containment cooling
analysis and equipment review demonstrate that the suppression pool temperatre can be
maintained within accsptable Jimits in the post-eccident condition at EPU based on the existing
capability of the RHRSW system. With BPU, the RHRSW systern hes sufficient capacity to
supply adequate cooling end makeup to the spent fuel pool heat sxchangers and speat fuel pool,
respectively. In eddition, the RHRSW systemn has sufficient oepacity %o serve as a standby
coolant supply for long term core and containment cooling es required for EPU conditions. The
RHRSW gystem flow rate ig not changed,

6.4.2 Main Condenser/Circulating Water/Normal Heat Sink Performance

The main condensse, oirculating water, end heat sink gystetns are designed to remove the heat
rejected to the condenser and thereby malntain adequately low condenser pressure as recommended
by the turbine vendor, Muaintaining adequately low condenser pressure ensures the efficient
opecation of the turbine-genarator and minimizes weas on the tushine last stage buckets,

EPU operation Increases the heat rejected to the condenser and, therefore, reduces the difference
between the operating pressurs and ths recommended maxirmim condenser pressurs. If candenser
pressuces approach the main turbine beckpressure limitation, then reactor thermal power reduction
would be required fo reducs the heat rejected to the condenser and maintain condenser pressure
within the main furbine requiremants,

The performance of the main condenssr was cvaluated for BPU. This evaluation is based on @
design duty over the actual range of circulating water inlet temperztures, and confirras that the
condenser, circulating watsr system, and heat sink are adequate for EPU operation, Current
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main turbine backpressure limitations may require load redustions at the upper range of the
anticipated circulating water inlet tzmperatures.

6.4.21 Dlscharge Limits

The state discharge limits were compared to the cuwrrent discherges end bounding enelysfs
discharges, ag shown in Teble §-4, This comparison demonstrates that the plant remains within
the state discharge limit during operation at EPU. Based on recorded historical data, the
edministrative control procedures presently in place remein valid to ensure EPU opacation
remaing within state discharge limits.

6.4.3 Reactor Building Closed Cooling Water System

The heat losds an the RBCCW system increase <0.1%. The RBCCW heat loads are mainly
dependent on the reactor vessel temperature and/or flow rates in the systems cooled by the
RBCCW. The change in vessel temperature is minimal and does not result in eay significant
increase in drywsll cooling loads. The flow raleg in the systems cooled by the RBCCW (e.g.,
Recirculation end RWCU pumps cooling) do not change dus ta EPU and, therefors, are not
affected by EPU. The opereation of the remeining egquipment cocled by the RBCCW (e.g.,
semple coolers and drain sump coolers) 18 not power-dependent and is not affected by EPU. The
RBCCW system contains sufficient redundency in pumps snd heat exchangers to ensurs that
sdzquate heat removal capability is svailable during normal operation. Sufficient haat removel
cepacity is aveileble to accommodate the small increase in heat load due to EPU,

644 Raw Coollng Water System

The teraperature of RCW system discharge results from the heat rejected to the RCW system via
componants 0voled by the system. The power dependent heat Joads on the RCW gystem, that are
increased by BFU, are those related to the operation of the RBCCW system, the condensate
pumps, condensats booster pumps, and the isolated phase bus duct air HX. The increase in
RCW system discharge tsmpezaturs from these sources due to EPU is < 1°F, which is minimal
end within equipment tolerances, -

6.43 Ultimate Heat Sink

The UHS is the Whealer Resarvoir/Tenassseo River. The upstream teruperature of the river iz
unaffected by opstations at BPU couditions, The exdsting UHS system provides a sufficlent
quartity of water at a temperature_less than 95°F (design termpereture) to perform its safety-
related functions for BPU, As discussed in Section 4.1, the servico water (UHS) tempecature
assumed in the DBA analyses was increased from 92°F to 95°P. Thetefore, the TS for UHS
Limits ere changed to reflect these new EPU analyses.

The UFSAR includes & discussion relative to heatup of the downstream portion of the pool that
would exist following the 10ss of the downstream dam on the Tennessee River. The river thenmal
rise post-shutdown would increase due to the increase in decey heat associeted with EPU conditions
but would not significantly affect this event. .
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§.5 STANDBY LIQUID CONTROL SYSTEM

The SLCS is designed to shut down the reactor from rated power conditions to cold shutdown in
tha postulated situation that some or sll of the control. rods cannot be inserted. Thie manually
operated gystem pumps & highly enriched sodium pentaborate solution into the vessel, to provide
neutron absorption and achieve & subcritical reactor condition. SLCS is designed to inject over a
wids ranpe of reacior operating pressures.

i

J) The TS rinimum available volume of sodium
pentsborate solution associated with this incrsase is boundsd by the volums requested in
Refersace 1. [[

1
The boron injection tate requirement for the limitlng ATWS event with SLCS injection, is not
increased for EPU,

Ths SLCS is designed for injection at & maximum reactor pressure equal to the upper analytical
limit for the fowest group of MSRVa operating in the safety relief mode. For the EPU, the
nominal reactor dome pressure and the MSRV sitpoints are unchanged. Therefore, the
capabilify of the SLCS to provide its backup shutdown function is not affected by the EPU, The
SLCS is not dependent upon eny other MSRYV operating modes.

Based on the results of the plent specific ATWS analysis, the maxiroum reactor lower plenum
pressure following the limiting ATWS event reachss 1204 psig during ths time the SLCS is
analyzed ta be in operation. Consequently, there is & comesponding increase in the mexirpum
pump discharge pressure end a decrease in the operating pressure margin for the pump discharge
relief valves, The operation of the pump discharge system was analyzed to confirm that the
pump discherge relicf valves re-close in the event that the system is initieted before the time that
the reactor pressure recovers from the first transient peak. The evaluation compared the
calcufated maximum. reactor pressure nesded for the pump discharge relief valves to re-close
with the lower reactor pressure expected during the time the MSR Vs are cycling open and closed
prior to the timme when rated SLCS injection {a essumed in the ATWS analysis. Consideration
was also given {0 system flow, head losses for full injection, end cyclic pressure pulsations due
to the positive displacerent purp aperation in determining the pressure margin fo the opening
set point for the pump discharge relief valves. The pump discharge relief velves are periodically
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tested to maintain this tolersnce. Therefore, the current SLCS procoss paramsters associated
with the minimum boron injection rate are not changed.

[0 :
11 The evelvation shows that EPU has no adverse effect on the ability of the SLCS to
mitigate an ATWS event.

6.6 POWERDEFENDENT HYAC

The HVAC systems consist mainly of heating, cooling supply, exhaust, and recireulstion units in
the turbine building, reactor building, and the deywell, EPU results in slightly higher process
tempearatures end small increeses in the heat load due to higher electrical cierents in eorme motors
and cables.

The affeoted areas are the drywell; the steam tunne] end the ECCS rooms in the reactor building;
aad the FW heater bay, condenser, and the condensate/FW pump arsas in the turbine building,
Other arear in the reactor building and the turbine building rre unaffected by the EPU becausc
the process temperatures remain relatively constaat.

The increasad heat loads during normal plant operation result in < 0.5°F increase in the drywell,
the MS tunnel, end ECCS rooms from increased decay heat. In the turbine building, the

maximum temperature - inoreese in the FW heater bey, condensate’FW purnp aress, and
condenser wrens iy < 2°F,

Beased on a review of design basis documents, the design of the HYAC is edequats for ths EPU
with the exception of the condensate and condensate boostsr pump motor coolers. Replacement
of or niodification to these pump motors, described in Section 7.4; may require modifications to
their coolers,

6.7 FIREPROTECTION

This section addresses the effect of EPU on the fire protection program, fire suppression and
detection systems, end reactor end contsinment system responses to postulated 10 CFR 50
Appendix R fire events.

[l 1] Any
changes in physical plant configuration or combustible loading ax 2 result of modifications to
implement the BPU, will be eveluated in accordance with the pleat modificetion and fire
protection programs. The sefe shutdown systems and equipment used o achieve and maintain
cold shutdown conditions do not change, and ere adequate for the EPU conditions. Ths scops of
oparator actions required fo mitigate the consequences of & fire are not affected. Therefore, the
fire protection systems and analyses ara not affactsd by EPU.

The reactor and containment responses to the postulated 10 CFR 50 Appendix R fire event at
EPU conditions are eveluated in Section 6.7.1. The results show that the peak fuel cladding
temperature, reactor pressure, and containment presgurss and temperatures are below the
acceptance limits snd demonstrate that there is sufficient time eveileble for the operators to
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perform the necessary nctions fo echieve end maintain cold shutdown conditions. Therefore, the
fire protection systems and analyses are not adversely affectsd by EPU.

671 10 CRR 50 Appendix R Fire Event

A plant-specific evaluation was performed to demonsirate safe shutdown capability in
compliance with the requirements of 10 CFR 50 Appendix R asnucing EPU conditions. The
limiting Appendix R fire event from the current analysis was reanalyzed assuming EPU. The
fuel heatup analysis was performed using the SAFER/GESTR.-LOCA analysis model. The
containment snalysis was performed using the SHEX model, Justification for using
SAFER/GBSTR-LOCA and SHEX models for EFU calculations is presented in Section 4,
Thess Bre the same analysis methqdologics that were used for the existing Appendix R Fire
event analyals, This evaluation determined the effect of EPU on fuel cladding integrity, reactor
vessel integrity, and containment integrity as a result of the fire event.

The postulated Appendix R fire event using tha minimum SSDS wes enalyzed for the three cases
deecribed below:

Casz 1: No spuricus operation of plaut equipment occurs and the operator imitiates three
MSRVs 25 minutes into the event.

Casa2: Ons MSRV opene immedistely due to 2 spusions opening signal generated ns a result of
the fire, The MSRYV is reclosed 10 minuter into tha event by opsrator action, The
operalor initiates three MSR Vs 20 minutss into the event,

Case 3: One MSRV opens immediately as in Case 2, but remains open throughout the event.
The operator initiates three MSRVs 20 minutes into the event.

The sbove Bre the same cases 2a those described in the Browns Ferry Fire Protection Report
(Refezence 2) exocpt as described bslow.

These caser were evaluated for EPU with some reduction in conservatism in the analytical
assossment,

Far the pre-BPU analyses, for all cases it was conservatively assumed that the LPCI injection
does not oocur uotil reactor pressure is <200 psig, instoad of the standard injection point of
319.5 puig, which delays LPCI injection into the vessel. For the BPU assessment the analysis is
based on the reactor vesssl pressure reaching 385 pslg, and thea the LPCI injection valve is
openad by operator action. LPCI flow to the vessel begins at 319.5 paig. This edjustraent to the
analysis does not affect any operator action because the cutrent procedures dirsct the operations
staff apen the LPCI injection valve when RPV pressure is < 450 psig.

. The bounding PCT case iz Case 1, For this case, the time available to the operator to open three

MSRYV3 is 25 minutes st the EPU conditions. The pre-EPU analysis determined the three
MERVs were required to be opened within 30 minutes. This reduction in the time available does
not have eny effect because the current procedures require this action to be completed within 20
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minutes. For CLTP end BPU, the PCTy are calculated using conservative LPCI performance
characteristics (e.g,, minimum flow rate as functions of vesse] pressure),

In nddition, spurious operation of the HPCI system wes reviewed in accordance with Reference
2. The HPCI system was assumed to initiate et the onsct of the Appendix R event, and flow at
its nominal flow rate, The time for the reactor vessel water level to reach the MSLs is greater
than 6 minutes. Therefore, plant procedures will require HPCI irolation prior to & minutes
during an Appendix R event.

The results of the Appendix R evaluation far EPU provided in Table 6-5 demonstrete that the
fuel cladding integrity, reactor vessel integrity, and containment intagrity are maintained and that
sufficient time is svailsble for the operator to perform the necessary actions. The current
exemption for the momentary core uncovery during depressurization remaing nccessary for EPU.
EPU does not affect ay other exernptions described in Reference 2. No changes ere necessary
to the equipment required for safs shutdown for the Appendix R event. One frain of systems
rewmains available to echieve 2nd maintain safe shutdown conditions from cither the main control
100m or the semote shutdown panel. Therefore, EPU hag no adverse effect on the ebility of the
systems and personne! to mitigate the effects of sn Appendix R fire event, and satisfios the
requirements of Appendix R with respect to achieving and maintaining safe shutdown in the
event of s fire,

6.8 SYSTEMSNOTIMPACTED BY EXTENDED POWER UPRATE

6.8.1 Systems With No Impact

Sirnilar to the systems listed in Teble J-1 of ELTR1 (Reference 3), the systems in Table 66 are not
affectad by operation of the plant et the EPU power level.

6.8.2 Systems With Insignificant Impact

The systemns affected in & very minar way by operation of the plant at the uprated power level are
listed in Teble 6-7. This listing is similar to the systems listed in Table J-2 of ELTR1, For these
gygtems, the effocts of EPU are insignificant with respect to their design and operation,
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Tuable 6-1
Browns Ferry EPU Plant Electrical Charactaristics

Parameter Value
Guaranteed Generator Output (MWe) 1265
Rated Voltage (kV) 22.0
Power Factor 0.98
Guaranteed Gensrator Output (MVA) 1280
Current Outat (k4) 33,501
Isolated Phase Bug Duct Rating (kA) 36.740
Mein Trensformers Rating (MVA) U2/U3 1500/1344
Transformer Output (MVA) 12500

(1) 1280 MVA Generator rating — 30MVA Station Load

Table 6-2
Browns Ferry Offsite Electric Power System

Component Rating EPU Ontput
Generator (MVA) 1280 1280
Isolated Phase Bus Duct (kA) 36.740 33.591
Main Transformers (MVA) 1500 (Unit 2) 1250 ¢D
1344 (Unit 3)
Auxiliary Transformer (MVA) 7229 400
Switchyard (limitlng) (MVA) 17509 1250t

1. 1280 MVA projectad ultimate Unit 2/3 gensrator rating — 30 MVA Station Load
Two suxiliary transformers rated 40 MVA and 32 MVA.

Determined vsing actusal plant data with estimated additional leading dus to EPU.
Seven 500 kV lines each ratsd at 1750 MVA.

mw o
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Tahle 63

Brovms Ferry Spent Fuel Pool Parameters

Conditions / Parameter Batch  Limiting Full Limit
Cor¢ Offfoad

Configuration 1t

One train each of FPCC and ADHR in

servics @ «
"Peak SFP Temperature CF) 99.1 1215 125 (Batch)

150 (Full Core)

Time to Pesk SFP Terperature (hr) . 80 109 NA
Tine to boil from loss of all oooling et 14 s NA
poak termperature (hr)
Boil off rate (gpm) 4B 104 150

Configuratian 2:

One train each of FPCC and RHER

suppiemental fuel pool cooling mode in

gervice
Peak SFP Temperature CF) 124.9 14%.8 125 (Batch)

150 (Full Core)

Tims to Peek SFP Temperature (hr) 1309 229® NA
Time to boil from loss of all cooling at 13 4 NA
poak temperature (hr) .
Boil off rate (gpm) 42 80 150

1. Assumes core offfoad begins 50 hours after reactor stmtdown to allow for cooldown, vessel
head removal, refueling cavity filling, and other refueling proparations.

2. Assumes core offload beging 95 hours-after reactor shutdown and includes 45 hours of in-
vossel stay time becausse the RHR supplemental fuel pool cooling mode has less heat removal
capacity than the ADHR system and 50 hours to allow for cooldown, vessel head removal,
refusling cavify filling, and other refueling preparations.

3, Assumes oore offload begins 165 hours after reactor shutdown end includes 115 hours of in-
vessel etay time because the RHR supplemental fusl pool cooling mods has less heat removal
cepacity then the ADHR system and 50 hours to sllow for cooldown, veszel head removel,
refueling cavify filling, and other refueling preparetions.
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Table 64

Browns Ferry Effluent Discharge Comparison

Parameter State Maximum EPU
Limit Current*

Flow (million gallons/day) Nons 1008 No Change |
Downstream Temperature 24-hour avg. (°F) | $0.0 90.0 No Change
Downstream Temperature 1-hour evg, (°F) 830 93.0 No Change
In-stream A T, 24-hour avg (°F) 10.0 8 <10
Chlorine (average/day) (mg/L/per day} 0.064 | Notdetectable | No Change
Net heat sddition (MBTU/hr) None 8128 9284

*  Most conservative valuc for cach observed parameter, and doss not reprasent
cancurrently observed conditions.
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Tuble 6-5

Browns Ferry Appendix R Fire Event Evaluation Remults

PRrameter CLTP ErU App R Criteria
Cladding Heatup (PCT), °F 1485 1428 <1500
Primary System Prespure, prig 1150 1150 <1375
Primary Containment Pressure, psig 18.6 136 <356
Suppression Poo! Bulk Temperature, °F 212 227 <2819
€279
NPSH © Yes Yes Adeguate for systern
using suppression pool
water souroe

1. NPSH demonstrated ndequate, see Seation 4,2.5.

2. Containment structure design limit.

3. Torus attachad piping limit.
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Tuble 6-6
Browns Ferry Systema With No Impact

Auxiliary Boiler

Fuel Oil

Lubricating Oil

Condenger Circulating Water Tuba Cleaning
Water Treatment

Potable Water

Control Aic

Servics Air

Vacuum priming

Awxiliary Boiler FW Secondary Treatment
Gland Seal Water

Insulating Qil

Drainage

Sampling end Water Quality
Building Heating

Breathing Air

Raw Water Chemical Treatment
Chemical Tregtment

Beismic Monitoring
Temperature Monitoring
Biothermal Facility
Seccandsry Conteinment

Fuel Handling and Storage
Diesel Generator Starting Air
Reactor Prateotion

Cranes

Shop Equipment

200 Series display boards
Communications

248 VAC Lighting System
Operationz Recorder
Security

Sewage Disposal

Elevators

Microwave

Flood Protection
Meteorological Tower

616
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Table 6-7

Browns Ferry Systems With Innignificant Impact

Syetem Title

Hydrogen Water Chemistry
Control Bxy Pancls

Normal Ventilation
Deminerzalizer Rackwash Air
Annunciator

Drywell Temperature Manitoring
25 Series Pangls (Local Panels)
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7. POWER CONVERSION SYSTEMS

71 TURBINE-GENERATOR

The turbine and generator was originally designed with 8 maximum flow-passing capability and
geaerstor cutput in exoest of rated conditions to ensure that the original rated steam.passing
capebility end generator output is achieved, This excess design capacity ensures that the turbine
snd generator meet rated conditions for continuous operating capability with sllowances for
variations in flow coefficients from expected values, manufacturing tolerances, and other
variableg that may edversely affect the flow-passing capability of the units, The differsnce in the
steam-passing capability between (he design condition and the rated condition is called the flow
margin.

The turbine-generatar was originally dzsigned with a flow margin of 5%, howevez, for operation at
CLTP the turbine was redesigned and cummently operates with 2 flow margin of approximately 3%.
The ourrent rated throttle steam flow is 14,12 Mib/hr at a throttle presmure of 980 psia.  The
generator is rated at 1280 MVA, which remilts in & rated electrical ontput (gross) of 1265 MWe et a
power factor of 0.98.

At BEPU RTP and resstor dome pressure of 1050 psia, the turbine operstes at an increased rated
throttle steam flow of 16.44 Mib/hr and at a throttle pressure of 962 psia. To maintain contral
capability GE uses s minimum farget value of approximately 3% throttle flow ratio, with
controllability confirmed by unit testing as described in Section 10.4. For operation at EPU, the
high pressure furbine hes been rederigned with new diaphragms and buckets for at least the
minimum target throttle flow margin, to increase its flow passing capability.

The expected environmental changes, such s diumal hesting and cooling effects changing oycle
efficiency, periodically require management of reactor power 10 remaie within the generator
rating. The required variations in reactor power do nat approach the magnitude of changes
potiodically requited for surveillznce testing end rod pettern elignments and other occasional
events requiring de-reting, such as equipment out of service for maintenanse,

A rotor missile analysis was performed at the EPU conditions based on the NRC-approved
methodology in NUREG-1048, which epplies to unifs with shnmk-on wheels. Based on the
celculatad results of the miseils analysis, the missils failure probability is seceptable,

The overspeed calculation comparea the entrapped steam energy confained within the turbine
and the associated piping, afler the stop velves trip, and the sensitlvity of the rotor traia for the
capebility of overspeeding. The entrapped energy increases slightly for the BEPU conditions.
The hardware meodification design and implementation process eatablisher the overspeed trip
gettings to provide protection for & turbine trip,
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72 CONDENSER AND STEAM JET AIR ETRCTORS

The condenser converts the steam discharged from the turbing to water to provide a source for
the condensate and FW systerna. The SJAB remove nonoondensable pases from the condenser to
improve thermal performance.

The condenser end 8JAR funotions are required for normal plant operation and are not safefy-
related,

The condeasers wers evaluated for perfarmance at EPU conditions based on a maximum cold
water tempereturs of 90°F and current circulating water system flow. Additional analysis at
EPU conditions also determined the condenser back pressure would be below the 5" Hg, design
limit, assurning oleanliness lsvels as low as 85%.

Due to the increase in condensate flow rate associated with EPU conditions, the retention fime of
condensate in the condenser hotwell is glightly reduced to 1.7 minutes. Condenser hotwell
capacities and level instrunentation are edequate for EPU conditions. Periodic eddy current
testing and water chemistry monitoring are performsd to monitor the effects of EPU RTP
operation on the condenser tubes.

The design of the tondenser mir removal system Is not edversely affected by EPU znd no
modification to the system is required. The physical size of the primary condenser end
evecuation time are the main factors in establishing the cepabilities of the vacuum pumps. These
perameters do not change. Because flow rates do not change, there i 1o change to the fwo-
minute holdup time in the pump discharge linc routed to the reactor building vent stack. The
design capacity of the SJAES is not affected by EPU, because they were originally designed for
operation at greater than werrented flows.

7.3 TURBINE STEAM BYFPASS

The Tubine Steam Bypass systam provides 2 means of accommodating excese steam gsnerated
during sionmal plant tweacuvers and transients.

The turbine bypass valves wers initinlly rated for & total steam flow capacity of not less than
25% of the original rafed resctor steam flow, or ~3,56 Mib/hr, Each of nine bypass valves is
designed fo pass 2 steam flow of ~400,000 Ibm/hr end does not change at EPU RTP. At EPU
conditlons, rated reaotor steamn flow is 16.44 MIb/r, resulting in e bypass capacity of 21.7% of
EPU rated gteam flow. The bypass cepacity at Browns Ferry remeins adequate for normal
operational flexibility at EPURTP.

The bypass capacity is used as an input to the reload enslysis process for the evaluation of -
transient events that credit the Turbine Steam Bypess System (soe Section 9.1).
7.4 FEEDWATER AND CONDENSATE SYSTEMS

The FW and condensate systems do not perform 8 gystem level safety-related function, end are
daeigned to provide g reliable supply of FW at the temperature, pressure, quality, and flow rate as
required by the reactor. Therefore, there systems ere not safety-related. However, their
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performance has & mejor effect on plant aveilability end capebility to operate af the EFU conditian. *
Modifications to sorne nonesfety-related equipment in the FW end condensate systems are neceasary
1o ttain full EPU core thermal power. Implementation of these modifications is reviewed per the
site 10 CFR 50.59 process.

For BPU, the FW and condensate systems meet the following performance criteria with
madifications fo some nonsefety-related equipment:

1. The systems provide & reliable supply of FW at the EPU dome pressure with sufficient
capacity to supply the staady-stats FW flow demanded at the EPU condition.

2. The systems have the capacity to provids et least 105% of thea EPU FW flow. This ensures
that Hrowns Ferry remsins available during water level translents, avoids sorams, and
minirnizea challenges to plant sefety systems.

3. The FW system is capable of providing adsquate FW flow gt the expecied operating
pressurs, and to provide mmit trip avokiance when one FW pump is tripped. :

4, The nmout capacity of the FW system in the limiting pump elignment does oot exceed the
perfarmances cepacity assumed in the transient analyses.

7.4.1 Normal Operation

System operating flows at EPU increase approximately 20%% of rated flow at the OLTP. The
condensate and FW systems will be modified to assure acceptable performence with the new system -
operating conditions.

The PW heaters will be analyzed and verified to be ecceptable for the higher FW heatsr flows,
tenperatures, and pressures for the EPU, end rerated prior to implementation of EPU. The
performance of the FW heaters will be monitored during the EPU power scension program.

742 Transient Operation

To acoount for FW demand transients, the FW system was evahiated to ensure that & minimum of
5% margin above the EPU FW flow was aveilable, For system operation with ell system pumps
available, the predicted operating parameters wera acceptable and within the componzat capabilities.

The FW system post feed pump telp capacity was evaluated to conflrm that with the modifications to
the FW and Condensate system configurstions, the capability to supply the transient flow
requirernents is maintsined or increased. A transient emalysis wes performed (Section 9.1.3) to
determine the resctor level response following & single FW pump trip. The results of the sualysis
show that the system response is edequate during the EPU vonditions.

743 Condensate Demineralizers

The effect of EPU on the CFDs was reviewed. The sysfem requires modification to support CFD
full flow operation during backwashing and pro-coating without requiring a plant power
reduction. The system experiences slightly higher Ioadings resulting in slightly reduced CFD

13
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run times. However, the reduced nm times ate acceptable (refer to Section 8 for the effects on
the redweste sysfems).
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8. RADWASTE AND RADIATION SOURCES

8.1 LIQUID AND 501D WASTE MANAGEMENT

The Liquid and Solid Redweste gystems collects, monitors, processes, stores, and returns
processed radioactive wasto to the plant for reuss or for discharge,

The single largest source of liquid and wet solid wasiz {5 from the backwash of condensate
demineealizers.  BPU results in an increased flow rafe through the condensate demineralizers,
resulting in & reduction in the average time between beckwashes. This reduction does not effect
plant sefety, Similarly, the RWCU filier-demineralizer requires more frequent backwashes due
to higher levels of impurities as a result of the increased FW flow.

Ths floor drain collector subsystem end the waste collector subsystem both receive periodic
inputs from m veriety of sources. EPU does not affact system operation or equipment
performance. Therefore, neither subsystem is expected to experience a large incraass in the total
voluma of liquid and solid wasts due to oparation et EPU conditions.

The increzsod loading of soluble and insoluble species increases the volume of the liquid -
processed wastes by 4% and ths volume of the solid processed wastes by 15%. The fotal volume -
of liquid and solid processed waste does not significantly increass (as compared to the Radwaste
System capacity) bocause the only increase in processed waste is due to more frequent
"backwashes of ths condensate demineralizers and RWCU filter demineralizers, The total liquid
and solid increases nre within the Radwaste System capacity, Tharefore, EPU does not have an
edverse offect on the processing of liquid end solid radwaste, and there are no significant
environmental effects,

The increases in the liquid and the solid processed waste ars based on the increase due to the FW
flow increase. The percentage bounding value for the increase in liquid and solid processed
waste {s equal to or lesa then that of the FW flow percentage increase.

8.2 GASEQUS YYASTE MANAGEMENT

The gascous waste management systems collect, control, process, stors, and dispose of grsecus
radicactive waste generated during nomma! operations. The gescous weste management Systems
include the oﬁ'gns systero and various building ventilation systems. The systems ate designed to
meet the reguirements of 10 CFRZOandlDCFRSO Appendix I,

Non-condensable radicactive gas from tho main condenser, slong with gir inleakmge, normally
containg activation gases (principally N-16, O-19 and N-13) ard fission product radioactive nable
geses. This is the major source of redioactive gas (greater than ell other sources combined). These
non-condensable geses elong with non-radioactive air ere continuously removed from the main
condensers by the STAEs, which discharge into the offgas systam,

Building ventilation systems control airborne radioastive gases by using combinsticns of devices
such as HEPA end charcoal filters, and radiation monitors that eignal sutomatic isolatian dampers or
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trip supply and/or exheust fans, or by maintaining nsgative air pragrure, whers required, to limit

migration of gases. [[

] This is because the amount of fission products
released into the coolart depends on the number and vature of the fuel rod defects, and is
epproximately linear with respect to core thermel power. The concentration of coolant activation
products in the steam remains nearly constant. The release limit is sn administratively controlled
vazisble, and is not a fimetion of coce power, The gaseous effluents rre well within limits at
original power operation end remain well within limits following implementation of EPU. There
ere no significant environmental sffects due to EFU.

B.2.1 Offgas Syrtem

The primary function of the Offgas system is to process and control the release of gaseous
radioactive effluents to the site environs so that the tolal radiation exposure of persons in offkite
- areas is within the guideline values of 10 CFR 30, Appendix I.

The radiological release rate is administratively controlled {0 remain within existing site release
rate limits and is a function of fuel cladding performance, main condenser air inleakags, charcoal
adsorber infet dew point, and charcoal adsorber tempersture.

Becauss EPU affects the flow rate of radiolytic hydrogen and oxygen to the Offges System, the
catrlytic recombiner temperature and offgss condenser heat loag are effected. The Browns Ferry
radiolytic decoraposition mte is based upon Browns Ferry design specifications adjusted for EPU
power level. The BPU sualysis for the Offgas System utilized a higher decomposition rats that i
more conservative then the Browns Rerry plant specifio decomposition rate. The BPU hydrogen
flow rates and concentrations are still within the design limits of the Offgas System. The
catalytic recombiner and offgas condenser, as well as downstream components, have sufficient
design margin to handle the increase in thermal power for EPU without exceading the system
design limits of temperature, flow ratss, or heat loads,

In addition, HWC operation when used will cause & reduction in core radiolysis. The combination
of the HIWC injected hydrogen plus the reduced mdiolysis is expested to produce e lower net
bydrogen flow fo the Offgas System.

8.3 RADIATION SOURCES IN THE REACTOR CORE
8.3.1 Normal Dperation

During power operation, the radiation sources in the core are directly related to the fission rate.
These sources include radiation from the fission process, accunmlated figsion products mnd
neutran reactions as & secondary result of fission, Historically, these sources have been defined
in terms of energy or activity released per unit of reactor power, Therefore, for EPU, the percent
increase in the operating source terms 18 no greater than the parcent increase in power
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8.3.2 Normal Post-Operation

The post-operation radiation sources in the core are primarily the result of accurmlated fission
products. Two ecparate forms of post-opecation souroe data are normally epplied. The first of
these is the core gamma-ray source, which is used in shielding calculations for the core and for
individual fuc] bundles. This source tarm is defined in terms of MeV/sec per Watt of reactor
therme)] power (or equivalent) at various times after shutdown. The total gamma energy source,
thetefore, increases in proportion to reastor power,

The seoond set of post-operation source data consists primarily of nuclide sctivity inventorles for
fisstion products in the fuel. These data erc needed for post-accident end spent fusl pool
evaluations, which are performed in compliance with regulatory guidance that epplies different
release mnd transpott assutnptions to different fission products. The core fission product
inventaries for these svaluations are basad on an assumed fuel irradiation time, which develops
“equilibrium™ activities in the fuel (typlcally 3 years). Most radiologically significant fission
products reach equilibrium within a 60-day period. [{

11 The
radionuclide inveatories ars provided in tetms of Curies per magawatt ofma.ctor thermal power
at various times after shutdown,

The results of the plant specific radiation sources ere included in the LOCA, FHA, and CRDA
radiological mnalyses presented in Section 9.2. Plent gpecific analyses for NUREG-0737, Item
11.B.2, post-accident mission doses have been performed. The results of this assessment are
acoounted for in the plant radiation protection program.

84 RADIATION SOURCES IN REACTOR COOLANT

Radiation sources in the reactor coolent im:-.ludc activation products, activated corrosion products
and fission products,

B.4.1 Coolant Actlvation Products

During reactor operation, the coolant passing through the cors region becomes radioactive as a
resulf of nuclear reactions. The coolant activation, especially N-16 gctivity, is the domifiant
source in the turbine building and in the lower regions of the drywell. The activation of the
water in the core region is in spproximate proportion to the increass in thermal power.
it

11 The ectivation products in the steam |
from BPU are bounded by the existing design basis concentration. The margin in the design
basis for reactor coolant activation concentrations sipnificantly exceeds potential increases due
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to BPU. Therefore, no change is required in the activation desigu basie reactor coalant
concentrations for EPUJ.

B.4.2 Activated Corrosion and Fission Products

The reeotor coolant containg activated corrosion products, which are the result of metellic
materials entecing the water and being activatad in the reactor ragion, Under EPU conditions,
the FW flow increases with power and the activation rafe in the rsactor region incresses with
power. Thenetresultis an increase in the activated corrosion product production,

The total activafed oorrosion product activity is approximately 3% higher then the origina.l .
desipn basis activity 85 a cansequence of EPU. However, the sum of the activated corrosion
product activity and the fission product activity ramains & smell fraction (<3%) of the total
design basis activity.

Flasion products in the reactor opolent are seperable into the products in the steam and the
products in the reactor water, The activity in the steam consists of noble gases roleased from the
core plus carryover ectivity front the reactor water. This activity Is the noble gas offgas that is
included in Browns Perry design. The calculated offgas rates for BPU afier thirty minutes decay
ere well below the originel design basis of 0.35 curies/sec. Therefore, no change s required in
the design basis for offges ectivity for EPU. .

The fission product activity in the reastor.water, liks the ectivity in the steam, is the result of
minute releases from the fuiel rods. Rission product activity levels in the reactor water were
caloulated to be higher then previous calculated dets, increasing < 13% feom current values due
to BPU. These aclivity levels remain a fraction (<2%5) of the deslgn basis fission product
activity, Therofore, the activated corrosion product and fisslon product activities design bases
are unchangsd for BEPU,

Far the EPU, nonmal radiation sources increase slightly. Shielding aspects of Browns Perry were
conservatively designed for total normel radlation sources. Thus, the ucrease in radiation
sources does not affect radiation zoning or shielding and plant redietion aree procedursa! controls
will compensate for inereased normal radiation sources.

B.X RADIATION LEVELS
8.5.1 Normel Operation

For EPU, normal operation radiation levels increase slightly, For conservatism, many aspects of
Browns Ferry were originally designed for higher-than.expected radiation sources. Thus, the
increase in radintion levels does not affect radiation zoning or shielding in the various areas of
Browns Ferry because it is offset by conservatism in the original design, source terms used and
enalytical techniques. )

The normal operating doses are generally based on dose rate measurements Bt various locations

during plant operation at OLTP conditions, The normal doses specified for OLTP conditions asre
increased by 20% with the exception of four zones where additional data was available to .

84
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demonstrate that the normal doses specified for these areas contained sufficient mergin fo
account for a 20% incrense ln the observed dose rate, The increased normal radietion doses exe
evaluated and determined to have no adverse effect on safety-related plant equipment, es indicated in
Seotions 10.3.1 and 10.3.2, Individual worker exposures can be maintained within acceptable limifs *
by controlling access to radiation areas using the sife ALARA program, Procedural controls
compenssate for increased radiation levels, In addition, Browns Pexry has previously implemented
zine injection and noble meta! chemical addition to limit the increase in sormel radiation doses from
the implementation of HWC,

B.5.2 Normal Post-Operation

Post-opsretion radiation Ievels in most arcas of Browns Ferry are expeoted to increase by no -
more than the percentage increzse in power level. Ina few arcas near the reactor water piping
and liquid redweste equipment, the Increase could be slightly higher, Regardless, individual
worker exposures can be maintained within acceptable limits by controlling sccess to radiation
arcas using the site ALARA program. Procedural controls compensate for increased radietion
Ievels. Rediation measuremeats will be made st selected power levels to ensure the protection of
personael,

853 Post Accident

The 100-dey post-aceident rediation doaes are expected to increase by 12% or less at EPU RTP
compared to the post-accident doses for CLTP conditions. For some areas, the post-socident
doses epecified for CLTP conditions are bounding for the EPU conditions. The increased post-
sccident radistion doses have no adverse effect on safety-related plant equipmeat es indicated in -
Sections 10.3.1 and 10.3.2, Plant specific analyses for NUREG-0737, Item 11.B.2, post-accident
mission doaes have been performed.

Section 9.2 addresaes the eccident doses for the Main Control Room.
8.8 NORMAL OPERATION OFE-SITE DOSES

The primary sources of normal operation offsite dosss are (1) airborne relsases from the offgas
system and (2) gamma ghine from Browns Ferry tutbines..

The jncrease in ectivity levels is proportionsl to the percentage increase in core thermal power.
The TS Umits implement the guidelines of 10 CFR 50, Appendix L EPU does not invelve .
gignificant increases in the offsite dose from noble gases, airborne particulates, iodins, tritium, or
liquid effiusnts. Present offsite radiation levels form a negligible porfion of beckground
rediation. Therefore, the normal offSite doses are not significantly affected by operation at EPU and
remain below the limits of 10 CFR 20, 10 CFR 50, Appendix I, and 40 CFR 190,

Browns Ferry has implemented zinc injection and noble metel] chemical addition to Jimit the
increase in normal radiation doses from the implementation of HWC. The EPU increase in
steam flow rosults in higher levels of N-16 and other activation products in the furbines, The
increased flow rate and velooity, which result in shorter travel times 10 the turbins and less -
radloactlve decay in transit, lead to higher radiation levels in and around the turbines and offkite
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pkyshine dose. Any discernible increase in radiation as & result of increased N-16 would be
measured on the site environmental TLD stations, Pest history from thess TLD stations for the
implementation of HWC and the 5% power increase has not shown any discernible incresse in
radiation at offaite locations, Therefore, it is unlikely that the increase in N-16 source term due
to EFU results in 2ny measurable dose 1o the public,

8-6
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8. REACTOR SAFETY PERFORMANCE EVALUATIONS -

91 REACTOR TRANSIENTS

The UFSAR svaluates the effects of 8 wids range of potential plant AOOs, commonly referred to
.88 transionts, Disturbances to Browns Ferry caused by a melfunction, B single equipment failure
or an operatar ecror are investigated according to the type of initiating event per Chapter 14 of
the Browns Ferry UFSAR. Appendix E of ELTR1 (Reference 1) identifies the limiting events fo |
be considered in esch calegary of events. The generic guidelines elso identify ths analytical
methods, the operating conditions that ere fo be essumed, snd the criteris that are to be applied.

The following paragraphs eddreas each of the limiting events and provide » summery of the
resuiting transient safety analysis, The remults given here are for a representative core, and show
ths averell capability of the design to meet all trancient safety criteria for EPU operation.

Table E-1 of BLTRI provides the specifio events to be analyzed for EPU, the power level to be
assumed, and the computer models fo be used. The transients that are not listed in Table B-1 are
geaerally milder versions of the enalyzed events. [[

1

The reactor operating conditions that spply most dirsctly to the tmnsient analysie ere
summarized in Table 9-1. They are compared to the conditions nsed for the UFSAR anslyses
end & typical Uit 2 reload core anelysis. An equilibrium core of GE14 fuel was used as the
represenistive fuel cycle for the EPU transient snslyses. Most of the transient events are
mnalyzed nt the full power and maxirmm allowed core flow operating point on the power/flow
map, shown in Rigure 2-1. Dlrect or statistical allowsmce for 2% power uncertainty is included
in the analysis. [[

] The SLMCPR in Table 9-1 wes used to calculate the
OLMCPR velue(s) required for the analyzed events. For all perfinent events, one MSRV is
considered ¢o be OOS, and the MSRV setpoint tolsrance is considered to be +3%. A discussion
of other equipmsnt OOS aptions iz provided in Section 1.3.2.

The transicat events of cach catoéory from Table E-1 of ELTR] were analyzed. Their inputs and
results reviee the licensing basie for the trangient enalysic to the EPU RTP. The
overpressurization analysls is provided in Section 3.2. Other transient analysis results for the
full EPU RTP condition are provided in Table 8-2. The most limiting trensient event results are
shown in Figures 9-1 through 54, As shown in the table and figures, no change to the basic
characteristics of ary of the limiting events ia caused by EPU.

The severity of transients at less then rated power are not gignificantly affected by the EPU,
because of the pratection provided by the ARTS power and flow dependent limits.

The historical 25% of RTP value for the TS Safety Limit, some thermal limits monitoring LCOs
thresholds, and some SRe thresholds is based on [[ 1] analyses (cveluated up to ~50% of
original RTP) appliceble 1o the plant desipn with highest average bundle power (the BWR6) for
all of the BWR product lines, As originally licensed, the highest average bundle power (st (00%

9-1
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RTP) for noy BWRS is 43 MWthbundle, The 25% RTP value is a conservativa basis, as
described in the TS, [{

1
9,11 Fuel Thermal Margln Events

[

1]
5,12 Power and Flow Dependent Limits

The operating limit MCPR, LHGR, and/or MAPLHGR thenua! limits ere modified by a flow
factor whon Browns Ferry is operating at less than 100% core flow. This flow factor is primarily
based upon an evaluation of the slow secirculation increass cvent, [[

1

Similarly, the thermal limits are modified by 2 power factor whea Browns Pezry is operaxing- at
less than 100% power. [[
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1
9.1.3 Losf of Feedwater Flow Event

For the LOFW event, adequete transient core cooling is provided by maintaining the water level
inside the core shroud sbove ths TAF. A plant speoific analysis was petformed at BPU
conditions. This analysis assumed failure of tha HPCI gystem and used only the RCIC system to
restore the reactor water level. Because of the extra decay heat from EPU, slightly more tims is
required for the autometic systems fo restore water lsvel, Operator action is only needed for
longetermn plent shutdown. The results of the LOFW analysis show that the minimum water
Ievel inside the shroud is 58 jaches above the TAF at EPU conditions, Afer the water ievel is
testored, the operator mannally controls the water level, reduces reactor pressure, and initiates
RHR shutdown cooling. This sequence of events does not require any new operator actions or
shorter operator respouse timss. Therefare, the gperator actions for a LORW transient do not
significantly change for EPU.

As discassed in Section 3.8, an opecational requirement is that the RCIC system restores the
reactor water level while evoiding ADS timer initiation and MSIV closure activation functions
associated with the low-low-low ceector water level setpoint (Level ). This requirement is
intended to avoid unnecessary initiations of these safety systems, and is not & safety-related
function. The results of the LOFW snalysis for Browns Ferry show that the nominal Level 1
setpoint trip is avoided.

The losa of one FW pump event only addresses oparational cousiderations to avoid reactor scram
on Jow reactor water lovel (Level 3), This requirement is infended to avoid unnecessary reactor
shutdowns. Because the MBLLLA. region is extendad along the existing upper boundary to the
EPU RTP, thers is no increase in highest flow control line for BPU. Thereforg, the rasulfs of the
loss of one FW pump event are insignificant. A plant-specific evaluation confirms that the Jevel
is maintained above Level 3,

9.2 DESIGN BASIS ACCIDENTS
This section addresses the radiologicel consequences of DHAS.

Plaat specific radiologieal dose consequence anslyses have been performed for the DBAs &t EPU
conditions utilizing AST in accordance with 10 CFR 50.67. The results of thess analyses far the
LOCA, the CRDA, the FHA, and the MSLB are provided in the AST license emendment
submittal (Reference 3), The calculated doses remnin within applicable regulatory acceptance
criteria.

The ILBA emnalysis waa also parformed at EPU conditions utilizing AST, The radiological
consequences of this event remain bounded by the other postulated line breaks,
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3.3 SPECIAL EVENTS
93,1 Antcipated Transient Without Scram

The overpressure evaluation includes consideration of the most limiting RPV overprossure case.
Il

1

A LOOP does not result iv a reduction in the RHR SPC Eapability relative to the MSIVC and
PRFO cases. With the same RHR SPC capebility, the containment response for the MSIVC and
PRFO cases bound ths LOOP case. ’ )

Browne Porry meets the ATWS mitipation requirements defined in 10 CFR 50.62:
8) Installation of an ARI sys(sm;

b) Boron injection equivalent to 86 gpm; and

¢) Instsllation of antomatic RPT logic (i.0., ATWS-RPT).

In eddition, plant-specific ATWS analysis is performed to ensure that the following ATWS
acceptance criteria ere met .

8)  Peak vessel botiom pressure less than ASME Service Level C limit of 1500 psig;
b) Peak suppression pool temperature less than 28 1°F (Wetwell shell design temperature); end
¢) Peak vonfainment pressure less than 56 psig (Drywell design pressure).

The limiting events for the acceptance criteria discussed above are the PRFO evant and the
MEIVC svent.

The ATWS anzlyses have heen performed for 105% OLTP and for EPU RTP {o demonstrate the
effect of the EPU on the ATWS scceptance criteria. There is no change to the sssumed operator
actions for the BPU ATWS analysis, and there is no change to the required hot shutdown boron
weight., The key inputs to the Browns Ferry ATWS analysis sro provided in Table 9-3.

Thclannlysis was performed using the ODYN code. The results of the analysis are provided in
Table 9-4,

The resvlts of the ATWS analysis meet the above ATWS acoeptance criferia, Therefore, the
response to an ATWS eveat at BPU is acceptable,

Cooleble core geometry is ensured by meeting the 2200°F peak cladding temperature and the
17% local oledding oxidation acceptence criteria of 10 CFR 5046, {[

9-4
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1
9311 ATWS with Core Instabliity

The effects of en ATWS with core instebility event occur at patural circulstion following &
recirculation pump tdp, It is initiated at approximately the same power level as before EPU,
bacauss the MELLLA upper boundary is not increased, The core desipn necassary to achisve
EPU operations may affect the gusceptibility to coupled thermal-hydraulic/neutronic core
oscillations at the natursl circulation condition, but would not significantly affect the event
progression. )

Several fhctors affect the response of an ATWS instability event, including operating power end
flow conditions and core design. The Limiting ATWS core instability evaluation presentad in
References 4 end 5 was porformed for an sssumed plant initially operating ef OLTP end the
MELLLA minimum flow point. [[

J1 EPU allows plaats 10 increese their operating thermal power but does not allow an
incraase in control rod line, [[

11 The conclusion of Reference 5
aud the associated NRC SER that the anslyzed operator actions effectively mitigate an ATWS
instability event are epplicable to the operating conditions expected for EPU.

Initial operating conditions of FWHOOS and FFWTR do not significansly affect the ATWS
ingtability response reported in Referencer 4 and 5. The limiting ATWS evahuation assumes that
all FW heating is Iost during the svent and the injected PW temperature approaches the lowest
echievible main condenser hot well temperature, The minimum candenser hot well temperature
ia not affected by FWHCOS or FFWTR. Thus, 28 compared to the event initiated from a narmal
FW tempesature condition, the event initiated from either the FWHOOS or FFWTR condition
would have less moderator reectivity insertion based on a smaller temperuture difference
between the initial and final FW temperatures. Therefore, the power oscillation for FWHOOS or
FFWTR is axpacisd to be no worse thaa for the normal temperature condition.

D32 Btation Blackout

SBO was reevaluated using the guldelines of NUMARC 87-00. The plant response to and
coping cepabilities for an SBO event are aifected slightly by operation et EPU RTP, due to the
increase in the initinf power level and degay heat, Decay heat was conservatively .cvaluated
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assuming end-of-cycle (24-month) and GE14 fuel. There are no changes to the systems and
equipment usad to respond to an SBO, nor is the required coping time chasged.

Areng conteining equipment tiecassary to copes with an SBO eveat were evaluated for the effect
of loss-of-ventilation due to an SBO. The evaluation shows that equipment operability is
bounded due to conservatism in the existing design and qualification bases. The battery capecity
remsins rdequate to support HPCIURCIC operation after EPU. Adequate compressed ges
capsacity exists fo support the MSRYV nctuations.

The current CST inventory reserve (135,000 gal.), for HPCI/RCIC use, ensures that adequate
water volume is aveileble to remove decay heat, deprossurize fhe reactor, and maintain reactor
vessel level sbove the fop of active fusl (spproximatsly 122,000 gal, required). Peak
containment pressure and temperature remain within design bases. Consistent with the DBA-
LOCA conditiom, the required NPSH margin for the RHR pumps has bsen evaluated (zes
Section 4.2.5) end 8 component acceptability review has been completed (see Saction 3.9).

Based on the above evalustions, Browns Ferry comtinues to meet the requirements of
10 CFR 30.63 after the BPU.
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Febrary 2000; NEDC-32523P-A, Supplement]l Volumel, February 1999; end
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3. TVA Letter, “Browns Ferry Nuclear Plant (BEN) - Units 1, 2, end 3 - License Amsndment -
Alternative Sourcs Term,” deted July 31, 2002, R08 020731 649, including Tech. Spec. No.
405 (TVA-BEN-TS-405), )
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Table 5-1
Browns Ferry Parametery Used for Transient Analysis

Parameter Cycle! EPU
Analysis

Rated Therma) Power (MW() 3458 3952

Analysis Power (36 Rated) 10071022 10071023

Analysis Dome Freamure (psia) 1050 1050

Analysis Turbine Pressure (psia) 974 973 4

Ratad Yespe! Steam Flow QMib/hr) 14.150 16440

Analysis Steam Flow (% Rated) 100.0 100.0

Rered Core Flow (Mib/he) 102.5 102.5

Rated Power Core Flow Range 81 - 105 99 - 105

(% Ratnd)  _

Analysis Core Flow® (Mib/hr) 1076 1076

Normal FW Tempereture 3§1.7 394.5

('F)

FW Temperaturs Reduction (AT °F) 547 547

Stsam Bypass Capacify 252 21.7

(%% Rated Steamflow)

Reactor Low Water Level 3 Scram 518 518

(inches above vessel zer0)

Number of MERVs essurned in the 12° 12°¢

analysis ’

MCPR Safety Limit * 1.08 1,08

Unit 2 Reload 12 (Cycle 13) remults provided for ¢omparigon.

GEMINI anafysis a2 100%, REDY analysls at 102%.

Relaad analysis valoe hased on current moasured steam line pressuzs drop,

EPU input vah;o represents the conservative valus (lawest steamline pressure loss for pay
urit),

Al} analyis at maximum core flow unlees explicitly noted otherwise.

A low-pressure bank setpoint MSRY is essumad OOS for transient enalysis,

9-7
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Table 9-2
Browns Ferry Transient Analysis Rerulfs

] MCPR Operatlng Limit
Pesk Perk Heat
Rvent Neutroo Flux (%t of.| ACPR | Option A | Optlon R
*Flux (% of | Rated EPU)
Rated EPU)
Generator Load Rejection with T 680 133 0.26 1.42 1.3%
Buypass Railure *
Turbine Trip With Bypass Failure 673 122 0.26 1.42 139
PW Controller Fatlure Mex Demand 629 136 0.26 141 1.38
FW Controller Failure Max Demand 742 141 031 147 144
- TBOOS
Pressure Regulator Downscaie () 1) ¢)) (1) (4§
Pailurs
Loss of FW Heating ) (2) 0.13 121
Inadvezfent HPCI Actuation 112 103 0.06 @ | ®
Rod Withdrawal Brror ) 2) 0.1 127
Slow Recirculation Increase (5) ) %) MCPR,
Past Recirculation Increase 181 94 0.14 (6) (9]
Ganerator Load Rejection with 590 129 0.22 137 1,34
Bypass
MSIV Closure - All Valves 123 100 0.03 ) M
MSIV Closure - One Valve 130 106 0.06 Q) )
Loss of FW Flow 100 100 (5) (5) O]
Loss of One FW Pump 100 | 100 é) ) )

I. Notrequired bassd on URSAR 14.5.2.8,

2. Peakroutron flux and peak heat flux are not reported for the alow transients.
3. HPCI isbounded by Loss of FW Heeting,

4. With rod block monitor getpointof 111 %4,

5. Notapplicable.

6. Fastrecirculation Increase Is bounded by offerated limits,

7. Bounded by the Genertor Load Refection with Bypaas Pallure.
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Table 9-3

Browne Ferry Key Inpufs for ATWS Analysts

Input Varlable CLTP EPU
Rezctor power (MWI) . 3458 3952
Reactor dome pressure (psia) 1050 1050
MSRYV capacity (13 valves) (MIbm/hr) 11.31 1131
High pressure ATWS-RPT (psig) 1177 1177
Nuntber of MSRVs Out-of-service (OO5) " 1
Table 94
Browns Ferry ATWS Analysls Results
Parameters CLTP EPU
Peak vesse] bottom pressure (psig) 1368 1484
Pesk suppreasion peol temperatire (°F) 214.6 214.1
Pesk contalnment pressure (psig) 21.7 214
Peak cledding tempersture (°F) 1476 1453
Local cladding oxidation (%4) <17 i <17
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Flgure 5-1

Browns Ferry Turbine Trip with Bypas; Fallure
(@ 100% EPU RTP sad 105% Cote Flow)
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Figure 9-2
Browns Ferry Generafor Load Rejection with Bypass Fallure
(@ 100% EPU RTP and 103% Core Flow)
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Browna Ferry Feedwater Controller Faflure - Maximum Demand
{@ 100% EPU RTP, 105% Core Flow and 394.5°F FW Temp.)
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10. OTHER EVALUATIONS

10.1 HIGH ENERGY LINE BREAK

HELB:s ars evaluated for their effects on EQ. Operation &t the EPU Jevel requires en increase in
the steam and FW flows, which results in & slight increase in downcomer subcooling, Thig, in
turn, resulfs in a small increass in the mass and energy release rates following 2 HELB.
Evaluation of these piping systems determined that there is no change in postulated bresk
lIocations. The EPU affects an the HELB mass and energy releases are documented in Table 10-
1.

1011 Temperature, Pressure and Humidity Profiies

Tha HELB analysis eveluation was made for ell systems evaluated in the UFSAR. The
equipment end systerns that support a safety-related function are also qualified for the
environmental conditions imposed upon them,

At the BPU power lovel, some of the mass and ensrgy releases for HELBs outside the primary
containment increzse, potentially cavsing the subcompartment pressure gnd tempareture profiles
to increase, as shown in Table 10-1. The relstive humidity chenge is negligible. In most cases,
the increass in the blowdown rate is small and the resulting profiles are bounded by the existing
profiles due to the conservatism in the current HELB anzlyses, as discussed for each break.

10,1.2 Maln Steam Line Breaks
(

11 However, the intermediate size MSLB s defined a5 the largest break that the MSL
high flow sensors do not detect and isolate (144% of rated flow). Beceuse mated steam flow
increases, the mass flow rate for the intermediate size MSLB glso increases. The mass and
energy releases for the intermediate size MSLB were re-analyzed at BPU conditions. Because
the Reactor Building pressures and temperatures for the double-ended MSLB remsin bounding,
there is no offect on the MS HELB evaluation due to the increased flow rate for the intexrmediate
size MSLB.

10.1.3 Feedwater Line Break

The CLTP mass and energy releascs for FW line beeaks are affected by changes in the FW
systom including increased FW flow rate end modifications to the condensate, condensate
booster, and FW purmps. The mass and energy releases for double-ended tweeks end critical
omaoks in the FW lines were re-analyzed at EPU conditions. The resctor building pressure,
temperature and reletive humidity profiles used for BQ were dstermined to be bounding for BPU
conditions,
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10,14 HPCI Steam Line Breaks

Because thers is no increase in the reactor done presqure relative to the CLTP enslysis, the mass
flow rates for HPCI steam line breaks do not increase. Therefore the CLTP analysis of the HPCL
stearn line breaks Is bounding for EPU conditions,

10.1,5 RCIC Steam Line Breaks

Becanse there is no increase in the reactor dome pressurs relative to the current analysis, the
mass flow rates for RCIC steam line brsaks do not increase. Therefore the current analysis of
the RCIC steam line breaks is bounding for. EPU conditions.

10.1.6 RWCU System Line Bresk

An evaluation of the mass and snergy releases for RWCU line braeks at CLTP and EPU
conditions indicated that the EPU mass releeses for RWCU line breaks increased by 4.4% based
on r comparison of the critical flow charscteristics at CLTP and EPU conditions. The enthalpy
of the fluid released decrsased by 1% dus to inoreased subcooling in the reactor recirculation
fluid. The reactor building pressure, temperature and relative humidity profiles st EPU
conditions were evaluated for the effect on equipment qualification es discussed in Section 10.3.

10.1.7 Pipe Whip and Jet Implngement

Pipe whip and jet impingement loads resulting from high energy pipe breaks are directly
proportiona! to systern pressure. Operation at ths EPU 105% core flow condition requires a
smell increase in RRS pump discharge prassure. The effect of this pressure increase on the RRS
discharge piping has been evaluated end confirms that the existing pipe whip or jet impingement
loads on HELB targets or pipe whip restraints are bounding for the EPU condition.
Additionally, a review of pipe siress calculations determined that the FW termperature increase
associated with EPU conditions dozs not result in pipe stress levels above the thresholds required
for postulating HELBs, except at locations currently evaluated for breaks. As 2 result, EPU
conditions do not result in new HELB locations gor ate the existing HELB evaluations of pipe
whip restraints and jet targets affooted.

10.1.8 Internal Flooding from HELB Line Breaks

The only high energy liquid filled lines in the reactor building are RWCU and RW. The mass
releases for the critical break flow for the RWCU breeks were calculated using the break flow
increase due to the lower EPU RWCU enthalpy, The resulting increases in flood level
detarmined for the affeoted flood areas were insignificant (< 1"). FW systern hardware changes
have been evaluated and the flooding rate from e FW line break is acoeptable. The water level in
the hotwells, the existing drainage systems, and the flood barriers are not changing; therefore,
the existing FW line break flooding analysis is velid for the EPU conditions.

102 MODERATE ENERGY LINE BREAK
MRBLBs are evatuated for their effects on EQ.
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System design limits (design preasure) used as input to the MELB flooding analyses are not

changed by EPU. Therefors, the MELB internal flooding evaluations are not affected by the
EPU and the design change process cnsures continucd evaluation of all changes for effect on
MELB flooding,

10.3 ENVIRONMENTAL QUALIFICATION

Safety-related components are required to be qualified for the environment in which they are
required to operate. Teble 10-2 provides a listing of the parameters used in EQ.

1031 Electricel Equipment

The safety-related electrical equipment was reviewed to ensure the exdsting qualification for the
normal &nd mccident conditions expected, in the rree where the devices are located, remain’

adequate,

10.3.11 Inside Containment

EQ for safety-related electrical equipment located inside the contsinment is based on MSLB
and/or DBA/LOCA conditions end thelr resultant tempersture, pressure, humidity and radiation
consequeaces, and includes the eavironments expected to exist during normal plant operation.
Normal temperatures are expeoted to increase slightly, but remain bounded by the normal
temperatures used in the EQ analyses. The post-accident psak temperature and pressure do not
significantly increase for EPU. The long-term post-accident temperatures inside containment
ingcraase. Howsver, the increase in long-term post-ecoident temperatures was determined not to
edversely effect the qualification of safety-relatad electrical equipment.

The current radiation levels imder normsl plent conditions were conservatively evalunted to
Increase in proportion to the increase in reactor thermal power. The accident radiation levels
increase by < 12% above the CLTP levels. The fotal integratad doses (normal plus accident) for
EPU conditions were determined not to adversely affect qualification of the equipment located
inside containment, The increased radiation doses resulted in a reduction of the radiation life of

soms solenolds located inside containment. However, the qualified life based on thermal eging -

is shorter than the radiation life for these solenoids. Therefore, the equipment qualified life was
not reduced due to the increased radiation doses.

103.1.2 Qutslde Containment

Accident temperature, pressure, humidity environments, and flood levels used for gualification
of equipment loceted in harsh environments outside containment result from an MSLB, or other
HELBs, whichever is limiting for each plant area. The existing HELB pressure profiles were
determined to bs bounding for BPU conditions. The peek HELB temperatures at BPU RTP ate
bounded by the existing values used for equipment qualification. The temperature and humidity
profiles that ars not bounded by the existing conditions were re-evalueted and do not adversely
effect the qualification of safety-related electrical equipment. The secident temperature resulting
from & LOCA/MSLB inside conteinment increassd for soms reactor building areas due to the
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additional heat load resulting from the incresss in drywell and wetwell temperatures. Howaver,
the inorease in lomg-ferm post-accident temperatures was evaluated and determinsd not to
adversely effect the quelification of sefety-related electrical equipment  The normal
temperature, pressure, and humidity conditions do not change as a resulf of EPU, The current
tadiation levels under normal plant conditions were conservatively evaluated to incresse in
proportion to the increase in reactor thermal power. The pecident radiation levels increase by
< 12% above the CLTP levels. The total integrated doses (normal plus accident) for BPU
conditions were evaluated and determined not to adversely affect qualification of the equipment
located outside of containment.

10.3.2 Mechanical Equipmeat With Non-Metallic Companenta

The changes to normal and post eccident amhient conditions for safety-related equipment, as a
rosult of BPU conditlons, ars discussed in Section 10.3.1. Reeovaluation of the safety-related
machanical equipment with non-metellic components identified some cquipment potentially
affected by the EPU conditions. These effects were evaluated and determined not to have an
adverse cffect on the functional capability of non-metallic components in the rechanical
equiprnent both inside and outside conteinment.

10.3.3 Mechanical Camponent Deslgn Qualificafion

The process fluid operating condlitions of equipment/components (pumps, heat exchangers, eto.)
in oertain systems are affected by operation at EPU due to slightly increased temperatures,
pressure, and in soms cases, flow, The effects of increased fluid induced loeds on safety-related
componeats are described within Sections 3 and 4.1, Increased nozzle loads and component
support loads, due to the revised operating couditions, were evaluated within the piping
assessments within Sectlon 3. These increased loads are insignificant, and become negligible
(i.c., remain bounded) when cormbined with the governing dynamic Joads. Therefore, the

" mechanical components &nd component supports sre adequately designed for BPU conditions,

104 TESTING

Compared to the initial stactup program, f[ ‘

1], EPU requires only 2 Bmited subset of the original
startup test prograrn. As epplicable to this plant's design, testing for BPU is conelstent with the
descriptions in Sestion 5,119 and Appendix L, SectionL.2 of ELTR1., Bpecifically, the
following testing will be performed during the initial power ascension steps for EPU:

1. Testing will be performed in accordancs with the TS Surveillance Requiremnents on
instrumentation that is re-calibreted for EPU conditions, Overlap between the JRM and
APRM will be assured.

2. Steady-state data will be taken during power ascension beginning nt 90% CLTP power and
continuing at each EPU power increase inorement. This dete will allow system performance
parameters to be projectad through the EPU power ascension,
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3. BPU power increases sbove the 100% CLTP will be mads along en established flow
oontrol/rod line in increments of equal 1o or Iess than 5% power. Steady-state operating data,
including fuel thermal margin, will be taken and evaluated et each step. Routine measurements
of reactor and system pressures, flows, and vibration will be evaluated from ¢ach meagurement
point, pricr t0 the next power increment. Radiation measuremnants will be made at selected
powez Jevels to ensurs the protection of parsonnel.

4. Control system tests will be performed for the resctor FWireactor water level controls,
prossure controls, and recirculation flow controls, if epplicable. These operational tests will
be made at the sppropriate plant conditions for that test at cach of tha power increments, to
show acceptable adjustments and aperational capability,

5. Testing will be donc to confirm the power level near the turbine first-tage scram bypass
setpoint.

6. A test specification is belng prepared which identifies the BPU tests, the associated acceptance
eriteria and the appropriete test conditions, All testmp will be done in sccordance to written
procedures es required by 10 CFR 50, Appendix B, Criterion XI.

The smme performance criteria will be used as in the original power ascension tests, ualess they
have been replaced by updated criteria pince the initial test program. ([

)

For EPU, Browns Perry does not intend ta perform large transient testing involving an automatic
scram from a high power. Transient experisnce at high powers at operating BWR plants has
shown & close correlation of the plant transient date to the evaluated events. The operating
history of Browns Rerry demonstrates that previous transient events from full power are within
expected peak limiting values, The transient analyses demonstrats that safety criteria are met,
and that this uprate does not ceuse eny previous non-limiting events to becoms Jimiting. Based
on the similarity of plants, past transient testing, past analyses, aud the evaluation of tast results,
the effects of the EPU RTP level can be analytically determined on & plant specific basis. No
new systems or features wers installed for mitigation of repid pressutization amticipated
oparational occurrences for this EPU. A soram from high power level results in an unnecessary
and undesireble transient cycle on the primary systam. Therefors, additional transient tasting
involving a scram from high power levels is not justifiabla. Should eny future Iargs transients
occur, Browne Perry procedurss requite verification that the actual plaot response is in
accordance with the predicted response. Plant event date recorders ere capable of acquiring the
neceseary data to confirm the actual versus expected rospounse.

Purthee, the important nuclear characteristics required for transient snalysis are confinmed by the
steady state physics testing, Transient mitigation capability is demonstrated by other fests
required by the TS. In addition, the limiting transient enalyses are included us part of the roload
licensing enalysis.
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A Y




- - . e -

NEDO-33047 - Revision 9

1041 Recirculation Punmp Testing

Vibration testing of the reciroulation pumps is not required, becavse there is no chenge in the
maximum core flow. To maintain the same core flow with the increased core pressure drop (due
to an increase in steam production), recirculation flow (drive flow) inoceases slightly (< 3%),

The “containment noise” obssrved in w BWR/4 —- 251 in 1994 is not sxpected at Browns Ferry.
At that plant, an increase in containment noise and vibration Jevels during plant operation was
obgerved at increased recirculation pump speeds. Based on tert resulfs, the utility concluded that
the increased noise was a direct result of the RHR check valve not being properly seated. The
testing demonstrated that the contsinment noise levels were greatly attenuated when the RHR
check valve was properly seated. Thus, this phenomenon is unrelated to EPU and no
containment noise is expected dus to EPU.,

10.4.2 10 CFR 50 Appendix J Testing

The plant 10 CFR 50 Appendix J test program is required by the Technical Spacifications. This
test propram pariodically pressurizes the containment (Type A iest), the containment
penetrdtions (Type B teat), and the containment isolation valves and test boundary (Type C tests)
to the calculated peak containment pressure (P, and measures leakage. Resuiting from the
EPU, P, changes to 48.5 psig, as shown in Table 4-1. Therefore, the 10 CPR 50 Appendix J test
program is revised to reflect this caleulated peak containment pressure valus.

10.4.3 Maln Bteam Line, Feedwfer, and Reactor Recirculation Piping Flow Induced
Vibration Testing

Piping for the MS, FW sad RRS will be monitored for vibretions duwring iritial plant operation
for the new EPU operating conditions. This test program will show that the vibration of these
piping systems is acceptabln at tha EPU conditians.

The M5 and FW piping systems are normally affecfed by an BPU, because their mass flow rates
and operating pressures usually incresse at EPU. The mass flow rates in these gystems typically
incresse in proportion to the EPU power level incresse. The flow induced vibration levels
simultaneously increase in proportion to the merease in the fluid deasity end the square of the
fluid velocity at these higher mass flow rates.

There is & small recirculation drive flow increase for BPU and thus, vibration monitoring wall
slso be performed on the RRS piping.

The MS, FW and RRS piping inside containment will be monitored with remote vibration
seasors. Also, the MS and FW piping outside containment will be monitored with remote
sensors or hand-held instruments. The vibration motitoring devices will bs located on portions
of the piping system determined to be most'susceptible to vibration.

Accepteble vibration criteria will be established for these locstlons prior to testing, Vibration

monitoring of these piping systems will bs pecformed at power Iovels below the final, maximum
extended power level. Vibrafion data is typically collected at 50%, 75%, 100%4, 105%, 110%,
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115% and 120% of OLTP. The measured vibration levels at each power level will be compared
to the ecceptance criteria to verify the piping is bslow the acceptance criteria prior to moving o
the next power Jevel, In this manner, the vibration monitoring testing can proceed as the plant
operates for the first tims at each new powsc lsvel, and at the eame time avoid the remote
possitility of incurriog high vibmtions and damaging the plant equipment (piping), bafore
eppropriate corrective sotions can take plece,

105 INDIVIDUAL PLANT EVALUATION
PRAR® are performed to evaluste the risk of plant operztion,

The individual Browns Ferry Unit 2 and Unit 3 PRAs for Unit 2 and Unit 3 operation wers
evaluated and updated as a result of the analyses inputs, results, and modifications associated
with the EPU.

To easure that all risk-significant effects of the EPU are represented in the tevised PRAs, all
BPU rnalyses and associated plant modifications were systematically reviewed to identify their
effect on the elements of & risk assessrmeat. Specifically, the modifications associated with the
EPU wers reviewed with respect to their potential effect on the PRA models.

Regutatory Gnide 1,174 provides the guidance framework for using PRA in risk-informed
decisions for plant-specific changes fo the licensing basis. The acceptance guidelines consider
both the magnitude and size of the changes to CDF and LERR. The beseline and the BPU CDFs
for both units are below 10 events per year and the change in CDR for baoth units {s slightly
greater than 10, The bascline and EFU LERFs for both units are below 10 events per year and
the change in LERF for both unit is slightly greater than 107,

Based on the ecceptence guidelines of Regulatory Guide 1.174, the plaat changes reflected in the
updated PRAS are in Region 11, the caloulated incresse in CDR is between 10 end 107 sad the
calculated increase in LERF is between 107 per year and 10 per year. As stated in Repulatory
Guide 1,174, .

o *When the calculated increase in CDP is in the range of 10 per reactor year to 10™ per
reactor year, applications will be considered only if it can bo reasonably shown that the
totel CDF is lesa then 107 per reactor year (Region If).”" As shown in Teble 10-3, the
total CDF for Browns Ferry remains below the guideline value of 10~ per reactor year,

v “When the caloulated increase in LERF is in the range of 107 per reactor year fo 10 per
reactar year, applications would be considered only if it can be reasonzbly shown that the
total CDF is less than 107 per reactor ysar (Region ). As shown in Tabls 10-3, the
total LBRF for Browzs Ferry remains below the guideline valus of 107 per reactor year.

The evaluations of ths uncertainty from previous eveluations of the risk at Browns Fezry have
indicated that the range factor of the CDR distribution was approximately 4.6. The current
evsluation is & modification of those snalyses. No new sources of uncertainty were introduced.
Therefore, the range factor iz not expected to increese gignificantly for this evaluation.
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Tha samoe analytical codes used to support the baseline PRAs were used fn the updates for EPU,
The plant-specific MAAF models were used to support the system puccess criteria determination
and sequence timing. The RISKMAN™ infegrated computer code was used to perform the
necensary data and system analyses and to represent the sesponse of the operators and plant
systems to the initistors considered.

10.5.1 Inltiafing Event Frequency .

Thirty-five initieting event categaries are considered in the baseling and updated PRAs for ea
unit; sixtsan transient initiator categories; thirteen LOCA initiator catsgories; end six intamnal
flooding initiator categories. The initiator categories for the EPU are the same a5 those in the
baseline models.

The EPU does not result in plant equipment operetion beyond the design ratings and conditions.
The trensient categories with the most potential to be sffected by the EPU are those associnted
with frip set points, such 8y reactar screm, system isolstions, end cperating equipment trips. A
review of these conditions concluded that the operational margins remain within valuss
consistent with the baseline models and that changes regerding initiating event cafegory
frequencies ere not required to reflect EPU conditions.

The frequency of loss of offeite power events (either "losa of 500 kV fo the plant™ or “Josa of
500 kV to one unit”) due to grid ingtabilities is not affected by BPU., In addition to the loss of
offsite power represented by these two initiators, there is the potential that the prid is lost
following the trip of @ unit. For the PRA analysls approach, rapid separation of & large
generating unit from the grid has the potential to oause Browns Ferry grid instability and losa of
offiite power, This possibility is represented by a uniqus top event. A grid stability analysis has
been performed, considering the increase in electrical outpuf, to demonstrate conformance to
General Design Criterin 17. In addition to the normsl configuration, the enalysis considers
various transmission system contingencies.

The baseline PRAs identify five initiators as a result of the Ioss or degradation of support
systems: lose of I&C bus A; loss of 1&C bus B; loss of plant sir; loss of RBCCW; and loss of
RCW. The duty on these systems i3 essentially unchangod as a result of the EPU. Therefore the
frequency of thess initiators does not change under EPU conditions.

The nomidal RPV pressre docs not change at the BPU conditions. The RPV and piping -

monitoring programs do not change. Therefore the frequency of LOCA and interneal flooding
initiators does not change at the EPU conditions.

ATWS is not modeled as a separate initieting event in the Browns Ferry Unit 2 and Unit 3 PRAs.
Instead, the seram function is queried for each sequence model as an integral part of the response
of the plant and the operators 10 an initiator, RPS teliability is taken frormn NUREG/CR-5500.
The total frequency of ATWS is determined by multiplying the frequency of ths transient events
by the likelihood of failure to scram. As discussed above, the frequency of oceurrence of the
trensient initistors is conservatively mesumed not fo change after the modifications are
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implemenated. No modificationa are anticipated to affect the likelihood of sctam. Thersfors, the
frequency of ATWS s not expected to change.

The frequencies of the initiator categories in the bascline BRAs for Browns Ferry do not chenge
in the updated Unit 2 and Unit 3 EPU PRA miodels. For the msjority of the initiator categories,
the EPU hes no affect on the frequency of ocourrence, The three initisfor categories potaatielly
affected (turbine trip with bypass; LOFW; and loss of all condensate) sre compensated for by the
expected decrease in the frequency of the calegaries “loss of KW end “Joss of sll condensats.”
Use of the same initiator data in the updatad models iz comservative. The summary of the
initiator contributions for the baseline end EPU risk models for COF and LERF end-states is
presented in Teble 10-4.

10.5.2 Component and System Rellability

No incresse in component fuilure rafes ia enticipated as s result of EPU conditions. Under EPU
conditions, equiprnent operating limits, conditions, end/or retings aro not exceeded. Existing
plant component monitoring programs detect degradation if it ocours and corrective action is
taken in a timely manner, It is possible that EFU conditions may result in selected components
roquiring refurbishment or replacement .more frequently; however, the functiomality and
reliability of components and systema is maintained at the current standard.

10.5.3 Operator Response

The effect of the EPU on operatar response capabilities following en initiating event requiring
safe plent shutdown was evaluated. The evaluation sddressed all post initinting event ections by
consideting two factors: 1) the reduction in the amount of tims available for the operators to
complets an sction, and 2) whether the raduced tima available was e significant influsnce on the
error ratos ostimated for the lwmen actions in the baseline (pre- EPU) PRAs.

The decay heat produced following & reactor scram is proportional to the inventory of fission
products, which is directly proportional to the power level, A reactor operating at 120% OLTP
power compared to the same reactor operating at pre« EPU RTP will contain 120/105 = 8/7 of
the inventory of fissian products. Consequently, the RPV inventory and/or suppression pool
beat capacity availeble at the time of the .initiating event reach their respective limits for
succossiul eotion in epproximately 7/8 of the emownt of time available for the baseline case,
which amounts to & Jess than a 15% reduction in available responss tims. This reduction in
available time applies to operator actions shortly after the initiating event 10 respond to either no
injection into the RPV and/ot no suppression pool cooling by manual initistion of these sctions.
Becaupe the decey heat decreases to less than 2% of RTP within 20 minufes efter shutdown, the
increased decay heat at BPU becames less significant regarding the time avajlable for operator
ections. The effect on the time availeble for aperator ections in response to en ATWS from the
EPU power level is sirongly influenced by the intermediate powet levels associeted with the
ATWS. However, for purposes of estimating HEPs, it is ressonable to assume that the
intermediate power levels during an ATWS are elso proportional to the initial steady state

e
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power. This assumption is supported by MAPP calculations performed in support of the
evaluation of the EPU,

The operator response evaluation for EPU evaluated the 61 post-initiating event actions used in
the baseline models to identify the eazly event actions required to respond to either the lowering
of RPV level or an increase in suppression pool temperature during shutdown or ATWS
conditions, Rifteen eatly response sctions and ATWS-related actions post-initiating event
human errors were jdentified in the baseline (pre- EPU) PRAx for further evatuation of the
relative imporiance of the time available for operator response. A sixteenth action, “failure to
backup scram” (which would reduce the frequency of the ATWS sequences), wes identificd, but
no credit is taken for it in the baseline models.

For the fifteen actions, the time available for completing the action wes reduced by 1/8, and e2ch -
sction was evaluated fo defermine the influeace of this reduction on the error rates estimated for -
the human actions in the baseline (pre- EPU) PRAs. An assassment of the relative importance of
the tme available for operator response is explicitly included in the modela used to estimate
HEPs in earlier releases of the Browns Ferry PRAs. Reference 2 used licensed plant operator
ratings of PSFs 1o quantify human errors using r FLIM, in which the relative weight and
difficulty associated with fime constrainig was rated by thres operling crews for each post-
initiating event aotion. During the update to the Browns Rerry Unit 2 end Unit 3 baseline PRAs, °
the HEPs for some gctions were modified using the EPRI approach for the analysis of human
sotions, EPRI TR-100259. The EPRI epproech uses the HCR correlation for actions where time-
reliability related factors are considered most important and the CBDT method for actions whers
PSF relatad factors other than time are oonsidered most important.

As & reqult of these evaluations, the HEPa for five of the fifteen actions were changed to reflect
the reduced time available due to the BPU. Four of the actions are those in which time-reliability -
related factors are considered the most significant HEP contributor, These actions had been
quantified using the HCR mods! in the baseline models. The HEPs for these actions were
updated for EPU by incorporating the reduced available time directly info the HCR model. For
eleven of the fifteen actions, time constraints wers not & primary contributor 1o the evaluation of
the HEP. In the baseline PRAs, these actions had been quantified using either the FLIM or

. CBDT wmsthodology, both of which evaluste PSFs that mey not be strongly influenced by the
time gvailable. For thess actions, tho effect of the reduction of 15% in available time was
evaluated considering the reasoning for selecting values of the PSFs in the orlginal svaluations,
If the reduction in time availeble did not significantly change the assessment of the bascline
PSPs of an action, its HEP was not modified. Using this approach, the HEPs of ten of the eleven
actions were defermined to be unaffected by the EPU, and one ection was updated,

The HEPs that were changed are:

HOADI is the failure ta inhibit the ADS with an un-jsolated RPV, HOADI applies €0 sequences
in which the RPV is not isolated end the injection from the FW system is &vailable. During these
conditions, the necessify to reduce level is diotated by the heat up of the suppression pool,
beceuss the suppression pool must absarb the energy that i» not dissipated via the turbine sieam
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bypass valves. The time evsilable before kaving to reduce tho RPV lewvel io =122 inches is
depeadeat on the suppression pool heat up rate and 10 minutes is used for the beseline case, In
addition, it was conservatively zssumed that a high drywell pressure gignal is elso present.
Givea these conditions, the ADS timer provides four minutes after reaching ~122 inches, and the
total time available is then 14 minutes for the baseline cese. This action is not time-critical
(other PSFs such &5 preceding and concurrent actions influsnce the action) and is modsled using
the CBDT methodology, For the BPU case, the suppression pool heet up rate increages, end the
tote] time availeble decresses to 12.5 minutes for the required action, The astion is still not time-
critical, end the CBDT model remains applicabls. However, using the RPRI methodalogy
regarding minimum time neaded to epply compensating factors for HEPs, the reduction of time
is assumed to restrict the time available to review the operating crew actions, thus removing
credit for one of two revisitation checks from the cognitive portion of the HEP, This resulted in -
8n increase fo the estimated mean HEP from the baseline value of 3 45B-03/demand to a EPU
value of 4.89E-03/demand,

HOAD?2, inhibit ADS sctuation, during ATWS with an isolated RPV, is the fallure fo inhibit the
ADS, HOAD?2 applies to sequences where the RPV i either isolated or the FW system is
unavzilable ss r source of water for the RPY, In eddition, it was conservatively assumed that a
high dry wel! pressure sigual is also present. Under these conditions the level of the RVP sapidly
decreases, and the time availeble is limitad by the 115 second ADS timer. HOAD?2 is a time-
Lcritioal action, and the estimate of the HEP is based on the EPRI HCR cormelation model, The
ADS timeout is the same for both the baseline and EPU power levels. However, the mean HEP
for thls action increases from a beseline value of 4.64E-03/demand to & EPU value of
$.52B-03/demand in the HCR model affecting the rate at which the HEP changes when the time
required to complete the action is compared to the median time obtained from operator simulator
experience. For the EPU, the natural logarithm of the standard deviation of Tya, ths madian
crew completion time for & time-related task, was raised from 0.4 fo 0.45 to reflect the EPRI
guidelines for the high stress anticipated during this event,

HOAIL?, allow RPV lavel to drop and control at TAF, during ATWS with isolated RPV, reduces
reactor power us the SLCS is injecting. The operator allows level fo drop to the TAF, but ancs
the TAF is reached action must be injtiated to end gain control of injection within 2 minutes (120
seconds) to provent the RPV level from decreesing to < -190 inches whers core damags is
assumed to begin. HOAL2 is considered a time-critical action with high stress, and the estimats
of the HEP is based on the RFR! HCR correlation model. For the EPU estimale, the available
time (Tw) in the HCR model js decreassd from 120 to 105 seconds 1o reflect the reduced time
availeble. In addition, for the EPU, the natural Jogarithm of the standard deviation of Typ, the
madian crew campletion time for a time-rclatod task wag increased from 0.4 to 0.45 to reflect the
EPRI guidelines for the high stress anticipated during this ectivity, As a result, the HEP for this
action increased from a baseline value of 3.91B-02/demand to & EPU valus of 1.298-01/dsmand.

HOSL1, activate SLC with an un-isolated RPV, the system time-window for operetor response is
based on avoiding having to decrease the RPV level to the top of the core, This i3 a time-oritical
action with high stress, end the estimats of the HEP is bassd on the EPRI HCR correlation

10-11




NEDD-33047 - Revislon ¢

model. The time available for the action depsnds on the point at which the suppression pool
roaches tha BIIT, estimated fo be 3-5 minutes for the baseline case, and is taken as 240 seconds
for the Ty, in the HCR cortelation. For the EPU estimate, the available time is decressed from
240 to 210 seconds to reflect the increaged heat up mte. As a result, the HEP for this action
increases from a baseline value of 6.71B-03/demand to 1 BPU value of 1.61E-02/demand,

HOSL2, activate SLC with an isolated RPV, ths system fime-window for operator regponse is
based on evoiding having to decrease the RPV level to the top of the oore. This is a time~critical
sotion with high stress, and the estimate of the HEP is based on the EPRI HCR carrelation
model. The time available for the rction depends on the point st which the suppression pool
reachss BIIT, which occurs in [ess time for the cass of an isolated core, bacause heat cannot be
released via the turbine steam bypase velves. For the baseling cess, the Ty in the HCR
correlation was estimated at 3 minutes (180 seconds). For the EPU estimate, the svailable time
ig decreased from 180 to 153 seconds to reflect the inereased heatup, As e result, the HEP for
thls action inoreases from e baseline value of 3.50E-02/dsmand to a EPU vahie of
7.71B-02/demand.

The HEPs developed by the aperstar responsa svaluation epply to both the Browns Ferry Unit 2
and Unit 3 PRAs, Table 10-5 presenis a measure of the relative imporiance of the operator
actions changed by the EPU for each of the PRAs. Tgble 10-5 shows the frequency-weighted
frection of the ERU CDF with sequences containing feilures of any of the buman ections in the
PRA mwodels, Table 10-5 is ordared by frectional importance for Unit 2 and extends dowa to the
point whers all five of ths actions where ths HEPs wers increased in ths models. It can be seen
that (with the exception of two cross tie actions - these values differ due to the cross tis
differences befween units) the magnitude eaad order of the frequency weighted fractional
importancs of the operator rosponses for both units is very similar, It can also be seen from
Teble 10-5 that the humen sctions whose HEP increased appear in sequences that comprisc a
higher frequency-weighted frastion of the CDF than in the baseline, However, the HEP of an
action does not havs to inceease for it to have a larger effect on CDFR, as discussed below.

The largast fractional increase was obsarved in HORVD2, manual depressurization of the RPV
using MSRVs, where the HEP did not increase as s result of the reduction in the fime aveilable.
Failure of this action is now part of the sequences comprising §5% of the Unit 2 CDF and 43%
of the Unit 3 CDF, up from 10% and 7% respectively. This is due to the elimination of exhanced
CRD injection &8s a successful rlternative for maintaining RPV level under certain conditions
when other high-pressurs injection systems have failed and the vesas) remaing at high pragsure.
Consequently, the frequency of core damage sequences where the operators are required to, but
fail to depressurizs the RPV has increzsed,

Three of the fifteen hurnan actions with the highest fractionsl CDF tmportance have larger HEPs
es & result of the reduction of time svailable for completing ections resulting from the BPU, All
three of these actions, HOSL1, HOSL2, end HOADI appear in ATWS relsted scenatios. The:
largest fractionel increase occurs for HOSLI, activate SLC with en un-isolated RPV, which
increases from 1.2% to 2,2% CDF for Unit 2 and from 0.8% to 1.7% CDF for Unit 3. Thus, ifis
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concluded that there are no significant Increases in CDF dus to the reduced time available for
operators to complets post initiating event ections,

To provide support for the estimstes of the EPU influence on humaz action error svaluations,
three scgnarios were performed on the Browns Ferry sinmulator with the reactor initially
operating at the EPU RTP level, Most of the actione with changed error rates involved ATWS
scenarios, The ATWS scenarios wers performed both with and without MSIV closure.
Additionally, a reastor scram with the loss of high-prassure injection wag parformed o verify the
operator actions using manual depressurization 2nd level control using low-pressure injection.
The simulator results indicate that the operators were capable of performing the required actions
within the time frames in the human reliability caleulations.

10.8.4 Succes: Criterla

The response to sa initfator is represented in the PRA models by a set of discrete requiremeants
for the operation of individual systams and the performance of specific operator actions. These
scenario-specific requirements defino the success criteriz for system operation and operator
actions to fulfill the critlcal safety functions necessary to maintain the reactor fusl in a safe .
condition. The critical safety functions are reactivity control, RPV pressure control, containment
pressure control, and RPV inventory makeup. These individual criteriz were reassessed at the
EPU RTP conditions and increased decay heat.,

The scram function is not affected by BPU becanse operation of the CRD system and the RPS is
not affected by the EPU.

Because of the increased nominal initia] power level, the tims avsilable fo perform selected
cperator actions decreases. Examples include initiation of the SLCS in ATWS scenarios and
control of the RPV level following s trensient. These effects are summarized in Section 10.5.3.

The thermal hydraulic analyses supporting the success criteria used in the baseline (pre- EPU)
PRAs were performed using MAAP, These analyses include consideration of scenarios using
MAAP 3.0B to support the 1992 IPE as well as analyses using MAAP 4,0 to support the basaline
PRAS representing operation st 105% of the OLTP. To investigate the potential effect of EPU,
the cntive set of thermal hydraulic anslyses us=d to support the PRA Buccess criteria were
reanalyzad using MAAP 4.0.

The results of the reanslysis of supporting theemal hydraulic caloulations indicate that enhanced
CRD system operation (i.e., operation of both pumps for vessel injection) alone is not sufficient
to prevent fuel damage if the RPV remzins st high pressure. If the vessel is successfully
depressurized within six hours following & successful sctam, eshanced CRD syatem oparation is
sufficient to provide successful RPV lovel control. The scemerio models in the PRAs were
updated to reflect this chanpe In success critetls. All other system success oflferis were
confirmed by the new analyses,
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104.S External Events

The effect of the EPU was reviewsd to determine whether any new plant vulnerabilities exist
from the occurrence of internal fires, seismic cvents, end other external gvents. Equipment
changes associated with the EPU are minor and do not affect relisbility. The EPU does not
affect any existing structures, fire loading, or fire zones, and therefore no pew vulnerabilities are
introduced.

The Browns Ferry IPEEB (Reference 3) and Seismic IPBEE Report (Reference 4) were rsviewed
to determine whether there were any existing conditions where the EPU could introduce new
vulnerabilities.

Tho IPEEE review concluded that thers are no new fire-induced vulnerabilities associated with
the EPU, The fire zones, fire loading, and safe shutdown paths for Browns Ferry do not chenge
for BPU; therefore therte is no increase in the vilnersbility to internal fires,

Bocauso the EPU modifications do not rffect the sfructures or component nacharing, no new
vulneargbilities are introduced as B rasult of a seismic event,

The IPEER stater that the Browns Ferry Plant/Facilities design is robust in relation to ths 1975
SRP Criteria and 2 walk-down did not reveal eny potentlal significent vulnerability that were not
included in the original design basis analysis. Because thers are no external or other structural
changea sssociated with the EPU, there are no new vulnerabilities introduced from wind or flood
svents,

There are no chenges in the EPU that could be affected by transportation or nearby facility
sccidents, thus there are no naw vulnersbilities intreduced from transporiation and nearby
facility secidents.

10.5.6 Shutdown Risk

A PRA model to evaluate shutdown risk, speocifically CDF or LERF, has not been developed for
Browns Ferry; however simplified risk evaluation tools are utilized. Browns Ferry utilizes &
defense-in~depth spptosch to menaging risk cwring plant shutdowns. To assist in the
management of risk during shutdowns, TVA uses EPRI's computer code, ORAM, This process
specifically mionitors the safety functions: shutdown cooling; fuel pool cooling; inventory
control; offsite AC power; onsite AC power; primary and secondary containment; and reactivity
control.

EPU increases the amount of decay heat following shutdown, which bes the greatest effeot on
RHR capability. Prior to each outage, a decay heat prediction based on bast-estimate values (i.e.
no statistical uncertainty or added comservetism applied) is determined This decay heat
prediction is used to create & “time 10 boil off curve™ which is then used by the outage planning
toam to ensure that heat removal systems are available and thet contingency plans are made for
maintenance and festing of systems, The inceeental decay heat dus to the EPU will slightly -
txtend the fime that the existing DHR systems will need fo remsain in service during plant
shuidovwn and remain available right after shuidown.
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The Browns Femry TS and TRM eddress the above requirements regarding shutdown risk
management concepts.  Browns Ferry procedures provide complete and consistent
implementation of the steps required to ensure that shutdown risks attributes are controlled,

Therefbre, EPU has no effect on the process controls for shutdown risk management and & negligible
effect on the overall ability of Browves Ferry to adequately manage shutdown risk.

10.5.7 Probabilirtic Risk Assezsment

The PRAs pre the end products of over {0 years of anelysis effort. The Browns Ferry PRA® are
living docurasnts PRA® and were updated 2a recently as 'early 2003,

TVA procedures provide the details describing the use of the PRAs at Browns Perry to support
the Maintenance Rule. They assist in establishing performance criteria, belancing unavailability
and reliability for risk significant 85Cs and gosl setting and provides input to the cnsite Expert
Pane] for the risk significance determination process whea revisions to the PRAs teke place,
Funotions are potentislly considered risic sxgmﬁcant if any of the following conditions are
setisfed:

» Functions rnodeled in the level I PRA ere found to have & risk achisvement worth greater
than or equal to 2.0;

» Funclions modeled in the level 1 PRA gre found to have a risk reduction worth of less
than or equal to 0.995; or

» TFunctlons modeled in the level 1 PRA ere found to have & curnulative contribution of
90% of the CDF.

Because the PRASs are actively used at Browns Rerry, 2 formal process is ia place to evaluate and
resolve PRA model-releted issucs a8 they are identified. The PRA Updats Reports are evaluated
for updating every other refucling outagc The administrative guidance for this activity is
contained in TVA Procadures,

During November 1997, TVA participated in 2 PRA Poer Review Certification of the Browns
Fetry PRA administered under the auspices of the BWROG Poer Certification Committeo, The

. putpose of the peer review process is to sstablish 2 method of essessing the technical quahty of

the PRAg for their potential applications.

Tho Peer Review cvaluation process utilized e tierad approach uging standardized checklists
allowing for a detalled review of the elements end the sub-elements of the Browns Ferry PRA 10
identify strengths and areas that nesded improvement. The review systam used allowed the Peet
Revicw team to focus on technical issues and to izsus their asscesment results in the form of &
“grade” of 1 through 4 on & PRA sub-element level. To reasonably span the spectrum of
potentie]l PRA epplications, the four gredss of certification as defined by the BWROG document
“Report to the Industry on PSA Peer Review Certification Process - Pilot Plant Resulis” were
employed.
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The Browns Ferry Peer Review sutumarived in Table 10-6 reaulted in n consistant evaluation
eoross all the elements and sub-elements, Also, during the most racont PRA update, all
significant findings (i.e., designated as Level A or B) from the Peer Certification were resolved,
resulting in all PRA elements now having a minimum certification grade of 3.

10.6 OFERATOR TRAINING AND HUMAN FACTORS

Some edditional training is required to enable plant operation at the EPU RTP level. For EPU
conditions, operator responses to trenstent, accident and special events are not affected. Most
abnormal evsuts result in sutomatic plant shutdown (screm). Some abnormal events result in
entomatic RCPB pressure relief, ADS actuation and/or antomatic ECCS ectuation (for law water
level events). BPU does not change eny of the rutomatic safety functions. After the applicable
gufomatic responses have initiated, the subsequent operator actions (e.g., maintaining safe
shutdown, core cooling, and containment cooling) for plant safety do not change for EPU.

The analog and digital inputs for the ICS and SPDS will be reviewed to determine the offects
from EPU. This includes required ohanges to monitored points, calculstions, nlert and trp
setpoints. Various changes in EOP curves and limits, if required, will also require en ypdate of
the SPDS. Any changes required to the ICS and SPDS computer will be completed prior to
startup at EPU conditions,

Following & review of the EPU modifications and identified key procedure changes,
recommendations for operator fraining and simulator changess and & final Jefermination of the
operetar training needs will be mede, consistent with the Browns Ferry framing program for
seleotion of modifications for operator training. Any modifications required for EPU will be
evaluated for its effect on the ICS and SPDS and any required changes (including aay new
monitoring points) will bz addressed es a pert of the modification, Any changes mads wﬂl be
disoussed ns B part of the operator-training program for EPU

Trainlog required to opetate the plant following EPU will be conducted prior to restart of the unit
at the BPU conditions. Data obtained during startup testing will be incorporated into the training
as neceded. The classroom training will cover various aspects of EPU including changes fo
paremeters, setpoints, scales, procedures, systeras and startup test procedures. The clagsroom
training will be combined with simulator training. The simulator training will include, as 2
minimum, n demonstration of transients that show the greatest change in plant response gt EPU
RTP compared to CLTP.

Installation of the BPU changes to the Browns Ferry Simulator is planned for epproximatsly six
months prior to EPU implementation. The first cycle of cach training yeer includes training on
the modifications fo bs installed during the upcoming spring cutage, including simulator training
as required, Ths two ireining cycles prior to EPU implememtation will complets the
recommended operator classroom and simulator fraining for EPU implementation. The
simulstor changes will include bardware changes for new or modified control room
instrumentation and confrols, eoftware updates for madeling changes dua to EPU setpoint
chenges sad re-tuning of the core physics mode! far cycle specific data. The Siroulator ICS will

10-16




o e T eeimie e s e s s meeme e gigyte S e o . —. a—y

NEDO-33047 - Revision

tleo be updeted for EPU modifications &g part of ths sirmlator ‘outage prior to EPU
implementation. Soms differences mey exist vatil EPU is implemenied on both units. These
diffecences will be included on the Simulator/IInit 2/Unit 3 differences listing which is reviewed
in each training cycle.

Operating date will be collected during EPU implementation and start-up testing. This data wilf
be compared to sitmulator data as required by ANSVANS 3.5-1985, Section 5.4.1. Simulator
ecoeptanoe testing will bs canducted to benchmark the pimulator parformance based on design
end engineering analysis data as required in ANSI/ANS 3.5-1985. ANSI/ANS 3.5 is endorsed
by Regulatory Guide 1.149, revision 3 and 10 CFR 55. The simulator acceptance testing for
EPU is planned to be complete within 30 dzys after sisady state oparation at 120% of OLTP.

10.7 PLANT LIFE

10.7.1 RPY Internal Components

The plant life evelurtion identifiss degradation mechanisms influenced by increases in fluence
and flow.

Browns Fetry has & procedurally controlled program for the inspection of sslected RPV internal
components in order to ensure their continued structural integrity. The inepection techniques
utilized ere primarily for the detection and characterization of service-induced, surface-
connected planar discontinuities, such as IGSCC and IASCC, in welds and in the adjacent base
material, Browns Ferry belonges to the BWRVIP organization and implemsutation of the
procedurally controlled program is consistent with the BWRVIP issued documents, The
inppection strategics recommended by the BWRVIP consider the effects of fluence on epplicable
components and are based on component corfiguration and field experience.

Comaponeats selected for inspection include those that ars jdentified a8 susceptible to in-service
degradation end sugmented examination is conducted for verification of structural integrity.
These components have been identificd through the review of NRC IEBs, BWRVIP documents,
end recommendations provided by GE SILs. The inspection program provides pecformance
frequency for NDE and associated acceptanoe criteris. Components inspected include the
following:

s CSpiping
CS spargers
Core shroud and cors shroud support (inoludes access kol covers)
Jet pumps and associated components
Top guids
Lower plenum
Vessel ID attachment welds
Instrumentation penetrations
Steam dryer drain chamme! welds

FW epargars

¢ & ¢ 9 @ ¢ v Vv @
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s Carcplete
» SLC pipiug (internal {o RPY)

Continned implementation of the current procedure program assures the prompt identifioation of
any degradation of reactor wessel infernal compoteats experienced during EPU operating
conditions. Browns Ferry utilizes mitigation techniques, such as HWC and NMC, to mitigate the
potential for IGECC and IASCC, Resactor vessel-water chemistry conditions are elso maintained
consisteat with the EPRI guidance (Reference 5) end other established industry guidslines,
EPRI periodicelly updates the wafer chemistry guidelines, 3s new infarmation becomes
pveilable. As BPRI updates ocour, they zre reviewed for possible incorporation into the Browns
Ferry Chemistry Program,

The peak fluence increase experienced by the reactor internals does not exceed the threshold
value, which reflects e characteristic rise in intergranular cracking (Reference 6). The current
inspection strategy for the reactor intemal componeats is adequate to manage eny potential
effects of EPU.

10.7.2 Flow Accelernfed Corrosion

The Browns Ferry procedurally controlled RAC program activities predict, detect, and monitor
wall thinning in piping and components dus to FAC. The FAC program is based on the EPRI
guidelines in NSAC-202L, R2, “Recommendations far en Bffective Flow-Accelerated Corrosion
Program”. The FAC program specifications end requirements ensure that the PAC program is
implemented as required by NRC Generic Letter (GL) 89-08, “Erosicn/Corrosion-Induced Pipe
Wall Thinning”, The FAC program uses selective component inspections to provids a measure
of confideace in the condition of systems susceptible to FAC for each wmit. These stlective
inspections are the basis for quelifying us-ingpected components for further servics, In addition
fo this eggressive monitoring program, selected piping replacements have been performed to
meinfzin suiteble design marging and FAC resistant replacement materials ere used to mitigate
occurrences of FAC,

A CHECWORKS™ FAC model (in accordance with the CHECWORKE™ FAC users guide and
RPRI modeling guidelines) has been developed for Browna Ferry to predict the FAC wear rate
(single and two-phase fluids) end the remaining service 1ife for each piping component, The
controlled CHECWORKS™ FAC mode! is updated efter sach refueling outage, The FAC
" modsls are also used to identify FAC examination locations for the outags examination list and
uses empirical date input to the model.

Process variables that influence FAC at Browns Ferry:
» Moisture content
e  Water chemistry
Temperature
v Oxygen

10-18




R I R R e s S

NEDU-33047 - Revislon 0

» FRlow path geometry and velocity
o Material composition

Browns Ferry has predicted BPU systern operating conditions that are used ms inputs to the
CHECWORKS™ FAC model. EPU affects moisture content, temperatute, cxygen and flow
velacity but these remeain within the CHECWORKS™ FAC model parameter boundz, Table 10-
7 compares key peremeter velues effecting FAC, BPU parameter velues result in changes
consequential encugh to heat balance models that certain sysfems or portion of systsms
(extraction steam) see s disproportionsl increase in wear compared to the patoent power
increase, i.e,, FAC wear rate will increase in gome systems and decreass in others.

The CHECWORKS™ FAC program targets FAC susosptible piping and componsnts and
includes the installation of FAC resistant material, Based on experience at pre EPU opearating
conditions and previous FAC modeling- results, it is anticipated that the EPU operating
conditlons will result in changes for the CHECWORKS™ model. The changes may then result
in additional inspection scope, unless carbon steel piping and components have been replaced
with RAC resistant material,

The Browns Ferry FAC program will continue to adequately manage 1oss of materisl due to flow
accelerated corrosion, such that the piping and components will continue to pecform their
intended functions at EPU conditions,
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Table 10-1

Browns Ferry High Energy Line Breaks

——Jucrease (Chapee) Dueto FPU
Break Location Mag Relemse  Pressure Temperature
MSLB in Steam Tunnel or Nochroge - " 'Nochange No change
MSVV
FW Line Bregks in :
Steam Tunnef or MSVV +12.3% No change <0.5°F
RCIC Steam Line Breaks in
Reaotor Buildlng or MSVV No cbange No change No ochange
HPCI Steamn Line Breaks
in Reactor Building No ¢change No change No chenge
RWCU Breaks in Reactor ’
Building +4.4% <007 psi <9.3F
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Table 10-2 -

Browns Ferry Equipment Qualification for EPU

Parameter ERU Effect

Normal EPU plant operation radiation increzse

insids containment for EQ 14.3%;

Accident EPU radiation increase inside

contzinment for EQ <12%

Accident EPU peak temperature inside

cortainment for BQ ) No change

Accident EPU peak pressure inside

containment for EQ No change

Accident EPU temperature cutside

coatainment for EQ No change

Accident EPU pressure outside

containment for BQ No change

Normel BPU radiation leve! increase

outsids containment for EQ <14.3%

Accident EPU radiation outside

containment for BQ <12%
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Table 10-3

Summary Comparison of Besellne and Updated CDF ard LERF

Baseline EPu
Browns Ferry Unit 2
Total CDF (yr", mean velue) 1255 B-6 2.624 E-6
LERF (yr, reeen value) 2455 B-7 3.927 E-7
Browns Ferry Unit 3
Totel CDF (yr!, mean value) 1.907 B-6 1,361 E-6
LERF (yr”, mean value) 2.688 E-7 4532 B.7
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Table 104

Summary of the Initiator Contributions to CDF and LERF for Browns Ferry

Unit3: Inltiator eafegory contrihutioa to CDF and LERF

Initintor Category

Mean frequency
(events poar year)

Bareline

ERPU

Fransiveg Jnitiaon ealegories

4,36E-02

4.52B08

LERF

RPN B 2 I

192508

44IB-00

LERF

1.998-0

Inadvertent opating of

ona MSRV

Inadveriznt opening of 3.42E-04 2.72B0% 6.18E-11 2.62B-09 6.64E-11
two or more MSR Ve .

Inedvertent SCRAM 2.57E-01 2.66E-08 441E-10 8.95E-08 3.93B-05
Losa of 500 kV to plant 9.32E-03 435E-0% 1.01B-09 3.91B-08 3.06E-08
Lnlss of SOOKY o one 342E-02 1.92E-08 5.32B-09 1.S1E-07 1.38B-08
unlt

Lons of 1&C Bur A 4.10E-00 6.25B-05 1.51B-10 2.11E-08 1.87E-0%
Lom of I&C Bus B 4.10B-03 €.16E-09 5.56E-10 2.11E-08 1.87E-0%
Loss of aTl condensate 1.24E-D2 9.84B-05 1.82B-09 3.58B-08 4.63E-09 -
Loss of coadsnser heat 1.20B-01 8.3]E-08 2.92B.08 572807 7.168-08
sink (MS{V closure,

turbine wip without

bypaas, loss of condenser

VACULEN) :

Low of FW 4.81E-02 1,.10B-08 7.768-09 5.11E-08 1.05E-08
Loss of plantair 1.20E-02 5.17B-09 2.08B-09 5.17B-08 3.73E-09
Total loss of ofisite 7.15E-03 5.058-07 1.20E-08 4.82E-07 1.15B-08
POWEr

Losz of RBCCW 1.10E02 1.87B-08 2.058-09 5.01E-08 5.978.09
Lo of raw cooling 7.95E-03 8.84E.08 1.35B-08 6.77B-08 9.84B.0%
waler

Momentary foss of 7.56E-03 4 31E-10 8.45B-11 2.05E09 3.12B-10
offsite power .

Turbine trip with bypas 1.43B+00 .2.548-07 8.22B-08 5.75B-07 1.53B-07
LOCAIIGOr atedgintey -7 T I NI It T e IS S T AT
Break outside 8.67E-04 3.79B-09 1.42B-10 371B08 2.32E-08
confainmznt .
Excessive LOCA 9.39E-09 9,39B-05 9 39B-09 93909 5.39E-05
Inzegzsing ayslem 4.54E-08 4.84E-08 4 84808 4.64B-08 4.64B-08
LO :
Caore Sprey line A hreak 1.57B-06 <32B-0% 8.47B-11 2.32B-09 B47B-11
10.23
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Table 104
Summary of the Initlator Contributions to CDF end LERF (confinued)
Unit2: Ioltiator category contribution o CDF and LERF

Mean frequency
Inttistor Category (evants per year) Bareling EFU
CDF LERF CDF LERF
k Care Spray lins B break 1.57E-0§ 4.05E-09 1.55B-10 4.05B-09 135B-10
Recireniation dlscharge 1.108-05 6.53B-09 1.56E-10 §.538-09 1.39E-10
- Jlin= A break
Recitculation discharge 1.10E-05 S24E-09 4.566B.11 324B-09 4.65B-11
line B break :
| Reciteatatlon sustion 7.8SE-07 3.55B.10 0.00E+00 3.55B-10 0.00B+00
line A breek :
Recirculation suction 7.85E-07 3.55B-10 0.00B+00 3.535e-10 0.00B+00
- |line B break -
Qther large LOCA 1.57E-06 7.35E-10 3.14B-12 7.88E-10 314832
Medium LOCA : 4.00E-05 2.21E-08 4.36B-09 221B-08 5.30B-09
Small LOCA S.00E-04 "1.16B-09 9.54B-10 1.1SB-09 9.44B-10
Very small LOCA 338E-03 2.71B-10 T.1E-11 1.05B-09 1.77E-10
(Recirculation pump seal )
failute)

futernal ftooding mstiMorcatagesics | o o e
EBCW {lood in Reactor 1.94E-1D 345808 S43E-10

Bullding - ghutdown

unit

EBCW flood in Rsactor 1.70B-06 1.11E-10 4.48B-11 1.11E-10 0.00B+00
Building — operating anit

Flood fom the 9.B0E-05 2328-09 2.07E-11 2.25B-09 7.03B-11
condensats storags tank .

Flocd from the forus 1.348-05 4,35B-09 1.27B-10 402B-05 123E-09
Large tarbine budlding 2.20E-03 2.06B-08 -3.43B-0% 1.62B-08 297B-09
flood

Smell trbine building 1A4E-02 2.52E-08 2.08B-09 7.53B-08 5.64B-09
flood
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Table 10-4

Brawni Ferry Sumnmary of the Initistor Contributions to CDY and LERF (confinued)

Untt 3 [uitiator categoyy contribution to CDF end LERF
Initiator Category Meaz frequensy Buaseling EPD
(eventy per year)

CDR LERR CDF LERF
Inadvertent opening of one MERV | 4,36E-02 $.SRE-DR 1.930E-08 |$.53E-0R 2.04E-08
Inadvertent opening oftwo ormore  |3.42E-.04 2.94E-09 7.47B-11 2948-D% 7.02B-11
MSRVy
Inadvertent SCRAM 2.57B-01 2.898-08 4A47E-10 9.42B-08 435809
Loss of 500 kV to plant $.32E-03 1.18E-08 2.30E-09 4,46B-08 4.33B-09
Loss of 500 XV to ons mit 342802 4.15E-08 S.13E-05 1.65E-07 1.41E-08
Loss of IXCBus A 4,10E-02 633808 4.648-10 2.12E-0R8 1.75E0%
Losge of I&C Bus B 4.10B-03 6.33B.0% 4.64E-10 2.12E-08 1.75E-09
Loss of all condonrate 1.24BE-02 1.44B.08 1.90B-09 B.13B.08 1.30E-08
Logs of condeneer haat sink MSIV | 1.20E-01 B, 74E-D8 2.968-08 5.67B-07 7.298-08
closure, turbine trip without bypase,
Toxs of condenser vacuum)
Loss of FW 4.81B-02 1.13B-.08 7.93E-09 5.15B-08 1.10B-08
Lose of plant air 1.20B-02 4.09B-09 1.86E-05 $.15B-08 531B09
Tota] loss of affsite power 7.15E-03 107B-06 3.21B-08 1.058-06 3.18B-08
Loss of RBOCW 1.10E-02 1.8%B-08 1,78E-09 6.02E-08 S.66E-09
Loss of raw opoling weter 7.95B-01 774E-08  |1.26B-08  |8.0IE-DR 1 46E-08
Mometttary [oss of ofTelte power 7.56E-03 497E-10 844E-11 2.13E09 3.17B-10
Turblnz trlp with bypasy 143E+00 2.70E-07 8.37E-08 7.05E-07 1.38B07
COCR nitigtor atiuontes . 00 2 s B T T
Break cutside cam!nment 6.676-04 . 405E-0% 1.45B-10 3.73E-08 240809
Bxeessive LOCA 9.3ISB-09 939809 | 9.39B-09 | 939809 9.39B09
Interfacing system LOCA 4,64B-08 4.64E08 4.61B-08 4.64B-08 4,648-08
Cors Spray line A bresk 1.57606 244B09 | 4.72B-1) 244E-09 472B-11
Core Bpray lino B break 1.57B-06 355EQY 1.04E-10 3.55B-05 1.04B-10
Recirculation dischargs line A break 1.10B-05 6.38B09 4.25E-11 6.38B-09 423811
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Table 10-4
Surmmary of the Initintor Contributions to CDF and LERF (continued)

Unoit3: Taitintor category contribution to core damage frequeacy aud LERF

Mean frequeacy
Inltistor Category (svents e year) Baseline EPU

v

| LOCA jnilistor categori

Recircalation discharge 1.10B-05 642805 | 434B-1) | 642B09 | 434E-1

liae B break

Recirculetion suction line 785B07 3.6BE-10 0.00E+00 3.68E-10 0.00B+00
A breek

Recircaletion suction Jine 7.85B-07 3.688-10 D.00E+00 3.68B-10 D.00E+00
B break

Other Jargs LOCA 1.57B-06 797E-10 D.00B+00 197E-10 0.00E+00
Medium LOCA 4.00B-05 223B-08 5.22E05 2.23E-08 5.22B-09
Small LOCA 5.00B-04 1.28B-09 5.398-10 1.26E-09 929R-10
Very small LOCA 3.38E-03 3.05E-10 7.12E-11 1.10B-0% 1.79E-10
(Raciroulation pump peal

failurs)

’-'."‘."ll."-i,’f‘('(’df’”;{’ .’.“”l.ilf‘-lf l!'ii!l'_{l('il‘(’." ety '7-. A e ;_:j. ,_. PRI Ly v ) ‘H.. - \- N ek AT
BBCW flosd in Reactor 1.20B-02 8.98E-10 1.95E-10 3.59E-09 5.65E-10
Building — shutdownt unit

EBCW {locd in Reactor 1.70B-06 2.82R-09 8.31E-11 2.59E-D9 122E-10
Building ~ opersting unit

Fload from the 9.80E.05 2.36B.09 9.37E-11 234B.0% S31E-I1
condensate gtorage tenk

Flood from the torus 1,34B-05 2.858-08 8.74E-10 2.12B-08 8.79E-09
Large turhine bullding . 220803 1.77E-08 3.16E-05 1.95E-D8 4.10B-09
flood . .

Small turbine building 144R-02 4.31E-08 2.168-09 1.07E07 1,5¢B-08
flood :
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Table 10-5
Frequency Welghted Fractianal Importance to Core Damage of Operator Actions Used in
Browns Ferry PRA
Freguency«\Velghted Froct. Fraquency-Woelghted
2,3:;:: Cperator Action Decription 1 m:.? Fractional Imporfance Locresss Fractional Imporfance f:::':
nex to Cors Damaps {a Cores Domags
U2 Bate | USEPY T3Bare | U3IXPU
HORVD2 |Masnunl Depresmurization of 10801 33801 4.5E01 6.8E-02 43E.01 14E.01
REY Using MSRVe
HOLP2 Cpargiar Falls to Initiats Wet 19E01 35B-02 { -1.0B01 1.78-01 9.1E.02 | -74E.02
'Wsll Veat Given Railurs to :
Initiats Suppression Pool
Cooling
HOSP1 Aligz RHR for Suppreswion 12E-01 3.0B02 | 6.7E-02 | 5.6B02 4.6B-D2 | -5.0B-D2
Pool Cooling )
uU12 Align Alteonate Injoction to 1.0E.01 47E.02 | +»STBE02 | QOBHD | QQOEH0Q N/A
RPV via the Unit 1/Unlt2
Croga-tle
HOUIZ  |Maintsic RPV Loyl 23E-02 | 37802 | 1.3B02 | 1.BB-02 | 0.0B+00 | -1.88-02
W/Altenete Source, BF RING
HDR Flood
HOSL] Iaitiats BLCS Glven ATWS YES 12P-02 2.2B-02 9.4B-D3 B.[B-03 19E.02 | $.1E.00
* wAth Unfsolated RPV
HORP2 Start RHR/CS Pumps for LPCI, 4.1E-03 13B-02 9.0B-03 3.0B-D3 LIBR-02 2.4B.03
L1 Signal Not Antlcipated
HOSL2 Ividate SLCS, Givenno ATWS} YES $6.4E-02 1.2B-02 S.9B-03 4.26-03 2.78-03 $.6B-03
with RPV Inalated i
HOSV1 Defzat MSIV Clorure Logic, 24E-02 11802 | -13B02 | 1.6B-02 38B-03 | -.IE-03
ATWS with Turblne Trip
HOBDI | Depressurize with the Turblne 6.8B-04 34B-03 2.7B-D3 £.5B6-04 66E-IR $.2E-03
Dypess Valves aftar Lose of
HPCI aad RCIC
HOAD1  |Inhibit ADS Durlng en ATWS YES 34BE-03 | 58B-03 | 24B-03 | 23B-03 | 4&R-03 | 23E.03
HOLA] Manuxl Control of Low 9.SE-03 4.78-03 | ~4.31B.03 6.2E-03 3.7B-03 «2.5B-03
Prosrure Injection Dhaing
ATWS
HOSW1 | Trensfer Mods Switch fo 3.0E-03 23803 | JTIE04 | 24B-03 20B03 | -ASED4
Refusl/Shutdown
HOSP2  |Aligs RHR. far Buppyrenrion 39B03 | 19803 | -21B03 | 2.35B03 | 15BL3 | -1.1BO3
Pool Canling, ATWS
HOL>PI Contro] RPV Level at Low 2003 16803 | 84E-03 | 73EQ3 2.1BD3 | ~S.7B03
Pressure Using RHR for Core
Sprey
HOAL2 |Lower and Control Vessed YES 6.98-04 1.5B03 B.6E-04 43B-04 12B-03 72.6B-04
Level :
1027
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Table 10-8 .
Frequsncy Weighted Fractional Importance to Core Damage of Operator Actions Used in
Browni Ferry PRAs (continued)
Prequisey-\Walghtsd Fregoeaey-Welghted
Databadn HEP Fracten Fraetion
Opersfor Action Descciption Fractionsl Impoctaace Bractignal Inmporfancy
Vrrlabls Intrease? 12 Core Daresgs Inerease to Cors Da Increane
U2 Bare | UZEFU U3 Bass | USEPU
HOUI11 Crogu-tis Unlt 1 Pamps and HX 3.18-03 1AE03 | -17B-03 | 1.1BO! | O.OEAOD | -1.IB-D)
to Unit 2 Torus
HOAD2 |Inhibit ADS, ATWS, Isolated YES 23B04 | S.0BD4 | 6.6E04 1.5B04 7.1B-D4 { 5.5B-04
| Veasol
HOQBR! p\l!gn and Sert RHRSW Swing 7.0B-04 33EDS | ATEH | S3BH4 JCED4 | -2.3B-04
Py Aftera LOSP with
Dograded RECW _
HOAL! |Level Cantrol Duzing ATWS 12804 { 62805 | -5SB-0S | 2.76:05 | 49E-D5 | -2.8B-D3
HORPI  |Start RHR & CS Puzps for 0.0E+00 | OLBH00 | O.0BFO0 | S.SB05 | &7E-05 | -%.7B-05
LPCL L1 Sigzaf Not
| Anttoipetad
‘Table 10-6

Reosults of Browns Ferry PRA Peer Review

PRA ELEMENT

CERTIFICATION

GRADE

INITIATING EVENTS

w

ACCIDENT SEQUENCE BVALUATION

THERMAL HYDRAULIC ANALYSIS

SYSTBMS ANALYSIS

DATA ANALYSIS

HUMAN RELIABILITY ANALYSIS

DEPENDENCY ANALYSIS

STRUCTURAL RESPONSE

QUANTIFICATION

CONTAINMENT PERFORMANCE ANALYSIS

MAINTENANCE AND UPDATB PROCESS

Wl |wlwwwiviw]lw|w
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Table 10-7

Browns Ferry FAC Parameter Comparison for EPU

CHECKWORKS™ | 103% OLTP . EPD
Parameter Allowable Input | Typlcal Reoge Typical Renge of Valges
of Velues
Steam Flow 1 - 100,000,000 767,000 to 930,000 to 13,840,000
(Ibm/hr) - 11,800,000
Velocity (ft/sec) Calculated in 122 ta 169 13210 171
program
Steamn Quality 0to 100 92610979 92810982
(%)
Operating 0to750 312 to 388 31410403
tempetaturs (°F)
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11, LICENSING EVALUATIONS

11,1 OTHER APPLICABLE REQUIREMENTS

The anelysis, design, and implementation of BPU were reviewed for complisnce with the current
plant licensing basis cceptancs criterie and for compliance with new regulatory requirements
end operating experience in the nuclear industry, {[

J1 The associated tables
identify the issuecs that are generically evaluated, mnd igsues to be evalueted on & plant-unique
basis. The applicable plant-unique evaluations have been performed for the subjects eddressed
below.

11.1.1 NRC and Industry Communications
All of the issues from the following NRC and industry communications are either generically
cvaluated in ELTR2 (a5 supplemented), or are eveluated on 2 plant-specific basis as part of the
EPU progrem, These evaluations conclude that every igsue is eithar (1) not affected by the BPU,
. (2) already incorporated into the generic EPU program, or (3) bounded by the plant-gpecific EPU
evaluations., The NRC and industry comumunicetions evaluated cover the subjects listed below.

s CFRs

» NRCTMI Action Items

« NRC Action Items (Formerly Unresolved Safety Issues} and New Generic Issuss

e  NRC Regulatory Guides

o NRC Generic Letters

» NRC Bulletins

s NRC Information Noﬁoes.

s NRC Circulars

» INFO Significant Operating Bvent Reports (epplicable to the EPU)

» GE Services Information Letters

» GE Rapid Information Conmunication Service Information Letters

11.1.2 Plant-Unique Items

Plant-unique items whose previcus evaluations could be rffected by operation et the BPU RTP
lovel have been identified. These are (1) the NRC and Industry communications discussed
above, (2) the safety evaluatione for work in progress and not yet integrated into the plaat design,
(3) the temparary modifications thet could havs been reviewed prior to the EPU and still exist
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afler RPU implemeatation, and (4) the plant BOPs, These items will bs seviewed for possible
effect by the EPU, and itents affected by the BPU will be revised prior to EPU implementation.

11.1.2.1 Commltments to the NRC )

Prior to BPU implemeatation, the potentially power dependent NRC commitments are reviewed
- for requited changes due to EPU conditions prior to EPU implementation. The commitments
that are affected by EPU will be updeted {o mecount for the effects of BPU.

151.12.2 10 CFR %0.59 Evaluations

10 CFR.50.59 evaluations perfarmed for work in progress and 10 CFR 50.59 cvaluations
completed but not yet included in the UFSAR ere reviewed prior to BPU implementation for
tequired changes due to BPU conditions. No 10 CFR 50.59 evaluation process chenge iy
required for BPU,

11.1.2.3 Temporary Modlfications

Pre-existing Temporary Modifications, Technical Operability Evaluations, Open Work Orders
thet will be in ¢ffect after EPU implementation will be reviewed and revised, if necessary, to
include EPU conditions.

11.1.2.4 Emergency and Abnormal Operating Procedures

BOPs snd AOPs can be affected by EPU. Some of the EOPa variebles and limit curves depend
upon the value of rated reactor power. Some AOPs may be affected by plant modifications to
support the higher power Tevel,

EOPs include verisbles and limit curves, defining cemditions swhere operator sctions afe
indicated. Some of thess variables and limit curves depead upon the RTP value. Chenging
soms of the variebles end limit curves requires modifying the values in the EOPs and updating
the pupport documentation. EOP curves and limits may also be included in the safety parameter
display system and will be updated aooordingly.

The charts and tables used by the operators to perform the BOPs ars reviewed for any required
changes prior to eech core reload. The BOPs were reviewed for any changes required o
implement EPU. The operators will receive training on thess procedures as desoribed in
Section 10.6.

AOPs include event based operator actions. Some of these operator actions may be influsnged
by plant modifications required to support the increzse in rated resotor power. Changing some
of the operator sctions mey require modifications to the AOPs end updating the support
documentation, Ths plant AQPs were reviewed for amy offects of power uprate and no changes
to the event-based ections are required, Some of the setpoints used in the AOPs change dus to
EPU. The operators will receive training on thess procedures as described in Section 10.6.
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The plant BOPs ere reviewed for any effects of the EPU, end the BOPs will be updated, as
necessezry, This review is based on Section 2.3 of BLTR2, which mcludea 2 list of operator -
action levels, which ere sencitive to the BPU.

”

11.2 REFERENCES

1. GB Nucleer Bnergy, “Geanerio Eveluations of General Blectric Boiling Water Reactor
Extended Power Uprate,” (ELTR2), Licensing Topical Reports NEDC-32523P-A, Class III
(Propristary), February 2000; NEDC-32523P-A, Supplement 1 Volume I, Fabcuary 1999;
and Supplement 1 Volume II, April 1999.
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ENCLOSURE 6

TENNESSEE VALLEY AUTHORITY
BROWNS FERRY NUCLEAR PLANT (BFN)
UNITS 2 AND 3

PROPOSED TECHNICAL SPECIFICATIONS (TS) CHANGE TS - 418 -
REQUEST FOR LICENSE AMENDMENT FOR EXTENDED POWER UPRATE
OPERATION

BFN EXTENDED POWER UPRATE UFSAR REVIEW MATRIX

This enclosure provides a matrix identifying sections in the UFSAR that are currently
under evaluation for change for EPU implementation. TVA will complete the final
UFSAR changes following approval of this change.

See Attached:



Browns Ferry Extended Power Uprate UFSAR Review Matrix

X|Z|X|Z

X|Z1Z|X|Z2]| 2| Z|Z)|2| 2| Z1Z| 2| >

Z|Z| X X|Z|Z| X|ZIZ|X]|X|Z|Z] %
Z| Z1Z| Z|Z| Z| Z| Z| Z]| X X X|Z| =2

x|zlzzZ( 2| 2| =] =| =]

All Sections

Comments

Notes

Historical

Technical Specifications

Historical

Deleted

Historical

Historical

Historical

Historical

X|Z|Z2|Z|Z| Z|Z| 2|1 Z| 2| Z1%| X2

Units 2 and 3 Reload Analysis

1 New Section - EPU Startup Tests
N = No Change Anticipated
X = Anticipated Change(s) Under Evaluation






